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Abstract: The quantization of the Teichmüller theory has led to the formulation of the
so-called Teichmüller TQFT for 3-manifolds. In this paper we initiate the study of “su-
persymmetrization” of the Teichmüller TQFT, which we call the super Teichmüller spin
TQFT. We obtain concrete expressions for the partition functions of the super Teichmüller
spin TQFT for a class of spin 3-manifold geometries, by taking advantage of the recent
results on the quantization of the super Teichmüller theory. We then compute the per-
turbative expansions of the partition functions, to obtain perturbative invariants of spin
3-manifolds. We also comment on the relations of the super Teichmüller spin TQFT to 3-
dimensional Chern-Simons theories with complex gauge groups, and to a class of 3d N = 2
theories as arising from the compactifications of the M5-branes.
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1 Introduction
Quantum Teichmüller theory [1, 2] has been a fascinating topic with connections to many
different topics in mathematics and physics. While the quantum Teichmüller theory in
itself concerns 2-manifolds, one can use the ingredients from the Teichmüller theory to
define the so-called Teichmüller Topological Quantum Field Theory (Teichmüller TQFT )
[3–5],1 which generates interesting topological invariants of 3-manifolds.
There are several possible extensions of the quantum Teichmüller theory. One such
generalization is to consider the super Teichmüller theory, which studies the moduli space
of super Riemann surfaces. While the super Teichmüller space has long been playing fun-
damental roles in the perturbative superstring theory, the systematic analysis of explicit
classical coordinate systems [23, 24] and the quantization [25, 26] are relatively new sub-
jects.2
The goal of the present paper, stimulated by recent developments, is to consider the
super Teichmüller counterpart of the Teichmüller TQFT. One of the crucial differences
between the super Teichmüller theory and its non-supersymmetric (i.e. non-super) coun-
terpart is that we now need to take into account the dependence on the spin structure of
the 2-dimensional surface. Relatedly, the super generalization of the Teichmüller TQFT
should depend on the choice of the spin structure of the 3-manifold—we should obtain a
spin TQFT, not a TQFT. We call this spin TQFT the super Teichmüller spin TQFT.3
In this paper we provide algorithms to compute the partition functions of the super
Teichmüller spin TQFT for a class of spin 3-manifolds. This leads to concrete integral
expressions for the partition functions, and we study their perturbative expansions.
We also discuss relations with a number of topics from mathematical physics. It turns
out that super Teichmüller spin TQFT is related to the 3-dimensional Chern-Simons theory
with complexifications of OSp(1|2) and SO(3) gauge groups. Moreover, we propose to ex-
tend the dictionary of the so-called 3d–3d correspondence between supersymmetric 3d gauge
theories and the 3d Chern-Simons theory [15, 16]; in our context the partition function of
the super Teichmüller spin TQFT is identified with the partition functions of 3d N = 2 su-
persymmetric theories on the projective space RP3 [34, 35]. This new 3d–3d correspondence
originates from compactifications of two M5-branes on RP3 times a 3-manifold.
This paper is organized as follows. We begin in Sec. 2 with a summary of our strategy
for computing the partition function of the super Teichmüller spin TQFT. We first review
classical super Teichmüller theory in Sec. 3. We then describe the action of the mapping
class group in the super Teichmüller space in Sec. 4. This result will be uplifted to the
quantum super Teichmüller theory in Sec. 5. Based on these results, in Sec. 6 we explicitly
compute the partition functions of the super Teichmüller spin TQFT for mapping tori
associated with the once-punctured torus. We further study the relation of the super
1See also [6–14]. The topic has also been discussed in connection with the 3d–3d correspondence [15, 16].
Some papers on this topic, with emphasis on the mapping torus geometry, include [15, 17–22].
2See also [27–33] for some recent papers related to this subject.
3Clearly the words “super” and “spin” are closely related, and one might be tempted to drop either of
them in the terminology. We nevertheless find it useful to emphasize that this is a spin TQFT as defined
from the super Teichmüller theory.
– 2 –
Teichmüller spin TQFT with a number of different topics, such as the 3-dimensional Chern-
Simons theory in Sec. 7 and the 3d–3d correspondence and M5-branes in Sec. 8. Finally
we suggest possible future problems in Sec. 9.
2 Outline of Strategy
Before coming to details, let us outline our strategy. Our construction of the super Te-
ichmüller spin TQFT is inspired by the Atiyah-Segal type axioms in TQFT [36] (adopted
here for a spin TQFT). Recall that a spin TQFT associates a partition function Z(M) to
a closed spin 3-manifold M , and a “Hilbert space” H(Σ) to a spin 2-manifold Σ. When M
is a 3-manifold with boundaries, Z(M) defines an element (a wavefunction) in the Hilbert
space associated with the boundaries of M . For example, if M has two spin 2-manifolds Σ1
and Σ2 as boundaries, namely ∂M = (−Σ1)∪Σ2 (where minus here means the orientation
reversal), then we have
Z(M) ∈ H(Σ1)∗ ⊗H(Σ2) ' Hom(H(Σ1),H(Σ2)) . (2.1)
Similarly, if one has the a 3-manifold M with three 2-manifolds Σ1,2,3 (so that ∂M =
(−Σ1) ∪ Σ2 ∪ Σ3, then one has
Z(M) ∈ H(Σ1)∗ ⊗H(Σ2)⊗H(Σ3) . (2.2)
This discussion points us to a possible strategy in formulating a 3-dimensional spin TQFT:
we first start with the formulations of the Hilbert space H(Σ) for a spin 2-manifold Σ,
identify the operators acting on their tensor products, and make contact with the geometry
of the 3-manifold M . In physics language, this is to adopt the Hamiltonian formulation of
the theory. Fortunately, the associated “Hilbert space” H(Σ) associated with a punctured
spin 2-manifold Σ has already been constructed in the literature in the context of the
quantum super Teichmüller theory [25] and we will use this as a starting point of our
discussion.
The connection between the geometry of the 3-manifold and the boundary 2-manifolds
is particularly pronounced for the mapping torus geometry
M = (Σ× S1)[ϕ] := (Σ× [0, 1])/ ∼ , (2.3)
where the equivalence class ∼ is given by (x, 0) ∼ (ϕ(x), 1) for x ∈ Σ. This is a non-trivial
fibration of Σ over S1. Note that the topology of the mapping torus (Σ × S1)[ϕ] depends
only on the spin mapping class [ϕ], and not on the choice of the automorphism ϕ within
the class [ϕ]. While the mapping torus (2.3) in itself does not have a boundary, we can “cut
open” the mapping torus into a mapping cylinder M = (Σ× [0, 1])ϕ. This is a 3-manifold
with two boundaries ∂M = (−Σ) ∪ Σ, where the boundary conditions at the two surfaces
Σ are twisted by ϕ. The spin TQFT then associates an operator
ϕ = Z [(Σ× [0, 1])ϕ] ∈ End(H(Σ)) . (2.4)
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Once we identify the operator ϕ, one can then compute the spin 3-manifold invariant
Z[(Σ× S1)[ϕ]] by a suitable trace:4
Z
[
(Σ× S1)[ϕ]
]
= Tr(ϕ) . (2.5)
Our discussion naturally generalizes similar discussions for the non-supersymmetric
quantum Teichmüller theory [15, 17, 20, 37] to supersymmetric settings. We will find, how-
ever, that there are important differences in the formulations of the theory, both technically
and conceptually. One of the crucial differences is that the super Teichmüller TQFT is a
spin TQFT (not a TQFT), and hence depends on the choice of the spin structure of the
3-manifold (and hence of the 2-manifold). In order to explain this point, let us first begin
in the next section with the summary of the classical super Teichmüller theory.
3 Review: Classical Super Teichmüller Theory
In this section we briefly summarize the essence of the super Teichmüller theory (see e.g.
[23] for details). We first introduce coordinate system for the super Teichmüller space in
Sec. 3.1, whose definition requires combinatorial spin structures in Sec. 3.2. We also discuss
coordinate transformations in Sec. 3.3.
3.1 Generalities on Super Teichmüller Space
A super Riemann surface Σg,n is a 1-dimensional complex supermanifold with genus g and
the number of punctures n. For our goals it will be most convenient to simply define super
Riemann surfaces as quotients of the super upper half plane by suitable discrete subgroups
of Γ of OSp(1|2).
A natural map from OSp(1|2) to SL(2,R) may be defined by mapping the odd gener-
ators to zero. The image of g ∈ OSp(1|2) under this map will be denoted as g] ∈ SL(2,R).
A discrete subgroup of Γ of OSp(1|2) such that Γ] is a Fuchsian group is called a super
Fuchsian group. In fact, a super Fuchsian group is a finitely generated discrete subgroup
of OSp(1|2) which reduces to a Fuchsian group.
The super upper half-plane is defined as H1|1 :=
{
(x, θ) ∈ C1|1 : Im(x) > 0} and a super
Riemann surface of constant negative curvature will be defined as a quotient of the super
upper half-plane H1|1 by a super Fuchsian group Γ,
Σg,n := H1|1/Γ . (3.1)
The group OSp(1|2) is the group of automorphisms of H1|1 under which the metric is
invariant.
We can define the super Teichmüller space ST g,n of super Riemann surfaces Σg,n of
genus g with n punctures as the quotient [38–40]
ST g,n =
{
ρ : pi1(Σg,n)→ OSp(1|2)
}
/OSp(1|2) , (3.2)
4More precisely we need to insert suitable projection operators into the trace to fix a 3d spin structure,
as we will discuss in Sec. 6.1.
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where ρ is a discrete representation of fundamental group pi1(Σg,n) into OSp(1|2) whose
image is super Fuchsian. There is always a non-supersymmetric Riemann surface Σ]g,n
associated to each super Riemann surface, defined as the quotient of the upper half plane
H by Γ]. Notions such as ideal triangulations, where the vertices of the triangulations are
on the boundaries of the super upper half plane, will therefore have obvious counterparts
in the theory of super Riemann surfaces.
The isometry group OSp(1|2) acts on the super upper half plane H1|1 by generalized
Möbius transformations of the form
x −→ x′ = ax+ b+ γθ
cx+ d+ δθ
, (3.3)
θ −→ θ′ = αx+ β + eθ
cx+ d+ δθ
. (3.4)
We can define two types of invariants, even and odd, under the generalized Möbius
transformations [41]. The first is the super conformal cross-ratio (super Fock coordinate)
Z = ez, defined for four points Pi = (xi|θi), i = 1, . . . , 4 in the super upper half plane:
Z = ez :=
X14X23
X12X34
, (3.5)
where Xij := xi − xj − θiθj . This is a natural generalization of the cross-ratio (Fock
coordinate) in the non-supersymmetric Teichmüller theory. The second is an odd invariant
±ξ associated to a collection of three points Pi = (xi|θi), i = 1, 2, 3:
ξ := ±x23θ1 + x31θ2 + x12θ3 −
1
2θ1θ2θ3
(X12X23X31)
1
2
, (3.6)
where xij := xi − xj . Note that at this point we have not fixed the sign ambiguity.5
3.2 Combinatorial Spin Structures
In this part we discuss combinatorial spin structures. We define the Kasteleyn orientation
and explain its relation with the spin structure.
3.2.1 Kasteleyn Orientation
Suppose that we choose an ideal triangulation for the super Riemann surface. We can then
introduce a collection of coordinates z (for each edge) and ξ (for each face) as in (3.5) and
(3.6)—it is known that these coordinates provide a good coordinate system for the super
Teichmüller space [23, Theorem 4.3.10].
For this purpose, however, we still need an extra data to fix the signs in the definition
of the odd invariant ξ (3.6). This extra data allows us to define the lifts of the punctures
Pi ∈ P1|1 to points Pˆi on the double cover S1|1 over P1|1. Note that the even part of P1|1 is
the real projective line RP1 with group of automorphisms PSL(2,R), while the even part of
S1|1 is a double cover of RP1 with group of automorphisms SL(2,R). Lifting the vertices of
the triangulation of H1|1 to S1|1 should therefore be accompanied with a lift of the Fuchsian
5For this reason this odd invariant was called the pseudo-invariant in [41].
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group Γ] ⊂ PSL(2,R) to a subgroup of SL(2,R). It is known that the definition of such a
lift depends on the choice of the spin structure on Σ [42], and indeed different connected
components of the super Teichmüller space are indexed by such spin structures. Therefore,
we need to fix a combinatorial spin structure on the ideal triangulation. This is achieved
by the so-called Kasteleyn orientation [43–45], which we now explain.
For each given ideal triangulation we consider the canonical orientation induced from
that of the 2-dimensional surface. One can also define the hexagonalization by “cutting
the corners of triangles” as in Fig. 1. The Kasteleyn orientation is an orientation of the
boundary edges of the resulting hexagons such that for every face of the resulting graph
the number of edges oriented against the orientation of the surface is odd.
Figure 1. The hexagonalization of an ideal triangulation.
Two Kasteleyn orientations are said to be equivalent if they are related by the reversal
of orientations of all the edges meeting at the same vertex, as illustrated in Fig. 2.
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Figure 2. Equivalence between two Kasteleyn orientations.
The results of Cimasoni and Reshetikhin [44, 45] say that the equivalence class of the
Kasteleyn orientation is in one-to-one correspondence with the spin structure.
For practical applications, it is often cumbersome to represent a Kasteleyn orientation
with hexagonalization. One can instead introduce a dotted notation on the triangles: if
any corners of the triangulation are dotted (or undotted), it means that the edge of the
hexagon associate to that corner has the opposite (or the same) orientation from the surface
orientation. An illustration of this procedure is given in Fig. 3 (the surface orientation in
these figures is counterclockwise).
3.2.2 Example: Once-Punctured Torus
For illustration let us discuss spin structures of once-punctured torus Σ1,1 in detail.
The once-punctured torus can be triangulated by two ideal triangles, and by working
out the combinatorics we find that there exist four possible equivalence classes of Kasteleyn
orientations as it is shown in Fig. 4.
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Figure 3. Equivalence between a Kasteleyn orientation on a hexagon and that on a dotted triangle.
Case (1,1) Case (1,0) Case (0,1) Case (0,0)
Figure 4. Four different spin structures on the once-punctured torus, as represented by (equivalence
classes of) four dotted Kasteleyn orientations.
Having four equivalence classes of Kasteleyn orientations is consistent with the fact that
there exist four spin structures on the once-puncture torus. It is known that the space of
spin structures is equivalent with H1(Σ,Z2) as an affine space (i.e. if we fix a base point).6
For the once-puncture torus this Z2 cohomology is simply given by H1(Σ1,1,Z2) = Z2⊕Z2,
where each Z2 is associated with the α- and β-cycles of the torus.7 In Fig. 4 we have already
shown the corresponding values of Z2 ⊕Z2, which can be derived by the rules explained in
Appendix A.
3.3 Coordinate Transformations
In Sec. 3.2.1 we explained that a Kasteleyn orientation can be used to fix the signs of the
odd invariants. We then have a well-defined coordinate system for the super Teichmüller
space for a given dotted triangulation, i.e. for a given Kasteleyn orientation of an ideal
triangulation.
However, there is no unique choice of ideal triangulation for a given super Riemann
surface. In addition, one spin structure corresponds to multiple Kasteleyn orientations
inside an equivalence class. It is thus necessary to determine how the coordinates transform
under the changes of the ideal triangulations and Kasteleyn orientations [23].
6A spin structure can be identified with a quadratic form on H1(Σ,Z2) [46].
7 In general we have a choice of either Ramond or Neveu-Schwarz boundary condition around the
puncture. The puncture, however, is always a Neveu-Schwarz puncture for the once-punctured torus,
where (−1)σ = +1 around the puncture. This is because the monodromy around the puncture is given by
αβα−1β−1 inside the fundamental group, which trivializes in the Z2 cohomology.
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Push Out Let us consider a move describing a change of Kasteleyn orientation which
leaves the spin structure unchanged.
In terms of dotted triangles, one can pictorially represent this by moving a dot from
from one dotted triangle to another, as in Fig. 5—we call this operation a “push out." In
the figure we have shown the action on the odd invariants: the invariant of the left hexagon
stays the same, while the invariant of the right changes sign.
 12
<latexit sha1_base64="Xx8c8BCfo4NNzl37DGZaI3GGKqg=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBE8laQIe ix68VjBfmAbymY7bZduNmF3IpTQf+HFgyJe/Tfe/Ddu2xy09cHA470ZZuaFiRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNE6eaY4PHMtbtkBmUQmGDBElsJxpZFEpshePbmd96Qm1ErB5okmAQsaESA8EZWemxGyKxXuZXp71S2at4c7irxM 9JGXLUe6Wvbj/maYSKuGTGdHwvoSBjmgSXOC12U4MJ42M2xI6likVogmx+8dQ9t0rfHcTaliJ3rv6eyFhkzCQKbWfEaGSWvZn4n9dJaXAdZEIlKaHii0WDVLoUu7P33b7QyElOLGFcC3ury0dMM042pKINwV9+eZU0qxXfq/j3l+XaTR5 HAU7hDC7AhyuowR3UoQEcFDzDK7w5xnlx3p2PReuak8+cwB84nz8oA5CQ</latexit><latexit sha1_base64="Xx8c8BCfo4NNzl37DGZaI3GGKqg=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBE8laQIe ix68VjBfmAbymY7bZduNmF3IpTQf+HFgyJe/Tfe/Ddu2xy09cHA470ZZuaFiRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNE6eaY4PHMtbtkBmUQmGDBElsJxpZFEpshePbmd96Qm1ErB5okmAQsaESA8EZWemxGyKxXuZXp71S2at4c7irxM 9JGXLUe6Wvbj/maYSKuGTGdHwvoSBjmgSXOC12U4MJ42M2xI6likVogmx+8dQ9t0rfHcTaliJ3rv6eyFhkzCQKbWfEaGSWvZn4n9dJaXAdZEIlKaHii0WDVLoUu7P33b7QyElOLGFcC3ury0dMM042pKINwV9+eZU0qxXfq/j3l+XaTR5 HAU7hDC7AhyuowR3UoQEcFDzDK7w5xnlx3p2PReuak8+cwB84nz8oA5CQ</latexit><latexit sha1_base64="Xx8c8BCfo4NNzl37DGZaI3GGKqg=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBE8laQIe ix68VjBfmAbymY7bZduNmF3IpTQf+HFgyJe/Tfe/Ddu2xy09cHA470ZZuaFiRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNE6eaY4PHMtbtkBmUQmGDBElsJxpZFEpshePbmd96Qm1ErB5okmAQsaESA8EZWemxGyKxXuZXp71S2at4c7irxM 9JGXLUe6Wvbj/maYSKuGTGdHwvoSBjmgSXOC12U4MJ42M2xI6likVogmx+8dQ9t0rfHcTaliJ3rv6eyFhkzCQKbWfEaGSWvZn4n9dJaXAdZEIlKaHii0WDVLoUu7P33b7QyElOLGFcC3ury0dMM042pKINwV9+eZU0qxXfq/j3l+XaTR5 HAU7hDC7AhyuowR3UoQEcFDzDK7w5xnlx3p2PReuak8+cwB84nz8oA5CQ</latexit><latexit sha1_base64="Xx8c8BCfo4NNzl37DGZaI3GGKqg=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBE8laQIe ix68VjBfmAbymY7bZduNmF3IpTQf+HFgyJe/Tfe/Ddu2xy09cHA470ZZuaFiRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNE6eaY4PHMtbtkBmUQmGDBElsJxpZFEpshePbmd96Qm1ErB5okmAQsaESA8EZWemxGyKxXuZXp71S2at4c7irxM 9JGXLUe6Wvbj/maYSKuGTGdHwvoSBjmgSXOC12U4MJ42M2xI6likVogmx+8dQ9t0rfHcTaliJ3rv6eyFhkzCQKbWfEaGSWvZn4n9dJaXAdZEIlKaHii0WDVLoUu7P33b7QyElOLGFcC3ury0dMM042pKINwV9+eZU0qxXfq/j3l+XaTR5 HAU7hDC7AhyuowR3UoQEcFDzDK7w5xnlx3p2PReuak8+cwB84nz8oA5CQ</latexit>
⇠1
<latexit sha1_base64="J/ZEbN+HTBKKIiezDzOt6Pn FbTM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN2J2IJ/Q1ePCji1R/kzX/jt s1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3 JtRKIecJLyIKZDJSLBKFrJ7z2Jvtev1ty6OwdZJV5BalCg2a9+9QYJy2KukElqTNdzUwxyqlEwyaeVXmZ4StmYDn nXUkVjboJ8fuyUnFllQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmafk4HQnKGcWEK ZFvZWwkZUU4Y2n4oNwVt+eZW0LuqeW/fuL2uNmyKOMpzAKZyDB1fQgDtogg8MBDzDK7w5ynlx3p2PRWvJKWaO4Q+ czx+C3455</latexit><latexit sha1_base64="J/ZEbN+HTBKKIiezDzOt6Pn FbTM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN2J2IJ/Q1ePCji1R/kzX/jt s1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3 JtRKIecJLyIKZDJSLBKFrJ7z2Jvtev1ty6OwdZJV5BalCg2a9+9QYJy2KukElqTNdzUwxyqlEwyaeVXmZ4StmYDn nXUkVjboJ8fuyUnFllQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmafk4HQnKGcWEK ZFvZWwkZUU4Y2n4oNwVt+eZW0LuqeW/fuL2uNmyKOMpzAKZyDB1fQgDtogg8MBDzDK7w5ynlx3p2PRWvJKWaO4Q+ czx+C3455</latexit><latexit sha1_base64="J/ZEbN+HTBKKIiezDzOt6Pn FbTM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN2J2IJ/Q1ePCji1R/kzX/jt s1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3 JtRKIecJLyIKZDJSLBKFrJ7z2Jvtev1ty6OwdZJV5BalCg2a9+9QYJy2KukElqTNdzUwxyqlEwyaeVXmZ4StmYDn nXUkVjboJ8fuyUnFllQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmafk4HQnKGcWEK ZFvZWwkZUU4Y2n4oNwVt+eZW0LuqeW/fuL2uNmyKOMpzAKZyDB1fQgDtogg8MBDzDK7w5ynlx3p2PRWvJKWaO4Q+ czx+C3455</latexit><latexit sha1_base64="J/ZEbN+HTBKKIiezDzOt6Pn FbTM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN2J2IJ/Q1ePCji1R/kzX/jt s1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3 JtRKIecJLyIKZDJSLBKFrJ7z2Jvtev1ty6OwdZJV5BalCg2a9+9QYJy2KukElqTNdzUwxyqlEwyaeVXmZ4StmYDn nXUkVjboJ8fuyUnFllQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmafk4HQnKGcWEK ZFvZWwkZUU4Y2n4oNwVt+eZW0LuqeW/fuL2uNmyKOMpzAKZyDB1fQgDtogg8MBDzDK7w5ynlx3p2PRWvJKWaO4Q+ czx+C3455</latexit>
⇠2
<latexit sha1_base64="cNNUn1s2st/GyAsJ0cGJWke 0oOU=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGCaQttKJvtpl262YTdiVhCf4MXD4p49Qd589+4b XPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4dua3H7 k2IlEPOEl5ENOhEpFgFK3k955Ev96vVN2aOwdZJV5BqlCg2a989QYJy2KukElqTNdzUwxyqlEwyaflXmZ4StmYDn nXUkVjboJ8fuyUnFtlQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmafk4HQnKGcWEK ZFvZWwkZUU4Y2n7INwVt+eZW06jXPrXn3l9XGTRFHCU7hDC7AgytowB00wQcGAp7hFd4c5bw4787HonXNKWZO4A+ czx+EY456</latexit><latexit sha1_base64="cNNUn1s2st/GyAsJ0cGJWke 0oOU=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGCaQttKJvtpl262YTdiVhCf4MXD4p49Qd589+4b XPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4dua3H7 k2IlEPOEl5ENOhEpFgFK3k955Ev96vVN2aOwdZJV5BqlCg2a989QYJy2KukElqTNdzUwxyqlEwyaflXmZ4StmYDn nXUkVjboJ8fuyUnFtlQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmafk4HQnKGcWEK ZFvZWwkZUU4Y2n7INwVt+eZW06jXPrXn3l9XGTRFHCU7hDC7AgytowB00wQcGAp7hFd4c5bw4787HonXNKWZO4A+ czx+EY456</latexit><latexit sha1_base64="cNNUn1s2st/GyAsJ0cGJWke 0oOU=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGCaQttKJvtpl262YTdiVhCf4MXD4p49Qd589+4b XPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4dua3H7 k2IlEPOEl5ENOhEpFgFK3k955Ev96vVN2aOwdZJV5BqlCg2a989QYJy2KukElqTNdzUwxyqlEwyaflXmZ4StmYDn nXUkVjboJ8fuyUnFtlQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmafk4HQnKGcWEK ZFvZWwkZUU4Y2n7INwVt+eZW06jXPrXn3l9XGTRFHCU7hDC7AgytowB00wQcGAp7hFd4c5bw4787HonXNKWZO4A+ czx+EY456</latexit><latexit sha1_base64="cNNUn1s2st/GyAsJ0cGJWke 0oOU=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGCaQttKJvtpl262YTdiVhCf4MXD4p49Qd589+4b XPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4dua3H7 k2IlEPOEl5ENOhEpFgFK3k955Ev96vVN2aOwdZJV5BqlCg2a989QYJy2KukElqTNdzUwxyqlEwyaflXmZ4StmYDn nXUkVjboJ8fuyUnFtlQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmafk4HQnKGcWEK ZFvZWwkZUU4Y2n7INwVt+eZW06jXPrXn3l9XGTRFHCU7hDC7AgytowB00wQcGAp7hFd4c5bw4787HonXNKWZO4A+ czx+EY456</latexit>
 ⇠2
<latexit sha1_base64="QanWc4BhiQ/M3Q4maHU8bK8iqYA=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBC8GHaDo MegF48RzAOSJcxOZpMx81hmZsWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtR6oNU/LejhMaCjyQLGYEWyc1z7tPrFftlcp+xZ8BLZMgJ2 XIUe+Vvrp9RVJBpSUcG9MJ/MSGGdaWEU4nxW5qaILJCA9ox1GJBTVhNrt2gk6d0kex0q6kRTP190SGhTFjEblOge3QLHpT8T+vk9r4KsyYTFJLJZkvilOOrELT11GfaUosHzuCiWbuVkSGWGNiXUBFF0Kw+PIyaVYrgV8J7i7Ktes8jgI cwwmcQQCXUINbqEMDCDzAM7zCm6e8F+/d+5i3rnj5zBH8gff5A+5kjrE=</latexit><latexit sha1_base64="QanWc4BhiQ/M3Q4maHU8bK8iqYA=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBC8GHaDo MegF48RzAOSJcxOZpMx81hmZsWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtR6oNU/LejhMaCjyQLGYEWyc1z7tPrFftlcp+xZ8BLZMgJ2 XIUe+Vvrp9RVJBpSUcG9MJ/MSGGdaWEU4nxW5qaILJCA9ox1GJBTVhNrt2gk6d0kex0q6kRTP190SGhTFjEblOge3QLHpT8T+vk9r4KsyYTFJLJZkvilOOrELT11GfaUosHzuCiWbuVkSGWGNiXUBFF0Kw+PIyaVYrgV8J7i7Ktes8jgI cwwmcQQCXUINbqEMDCDzAM7zCm6e8F+/d+5i3rnj5zBH8gff5A+5kjrE=</latexit><latexit sha1_base64="QanWc4BhiQ/M3Q4maHU8bK8iqYA=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBC8GHaDo MegF48RzAOSJcxOZpMx81hmZsWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtR6oNU/LejhMaCjyQLGYEWyc1z7tPrFftlcp+xZ8BLZMgJ2 XIUe+Vvrp9RVJBpSUcG9MJ/MSGGdaWEU4nxW5qaILJCA9ox1GJBTVhNrt2gk6d0kex0q6kRTP190SGhTFjEblOge3QLHpT8T+vk9r4KsyYTFJLJZkvilOOrELT11GfaUosHzuCiWbuVkSGWGNiXUBFF0Kw+PIyaVYrgV8J7i7Ktes8jgI cwwmcQQCXUINbqEMDCDzAM7zCm6e8F+/d+5i3rnj5zBH8gff5A+5kjrE=</latexit><latexit sha1_base64="QanWc4BhiQ/M3Q4maHU8bK8iqYA=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBC8GHaDo MegF48RzAOSJcxOZpMx81hmZsWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtR6oNU/LejhMaCjyQLGYEWyc1z7tPrFftlcp+xZ8BLZMgJ2 XIUe+Vvrp9RVJBpSUcG9MJ/MSGGdaWEU4nxW5qaILJCA9ox1GJBTVhNrt2gk6d0kex0q6kRTP190SGhTFjEblOge3QLHpT8T+vk9r4KsyYTFJLJZkvilOOrELT11GfaUosHzuCiWbuVkSGWGNiXUBFF0Kw+PIyaVYrgV8J7i7Ktes8jgI cwwmcQQCXUINbqEMDCDzAM7zCm6e8F+/d+5i3rnj5zBH8gff5A+5kjrE=</latexit>
 ⇠1
<latexit sha1_base64="2Vknrf9CWuq7qUhzEM/wpKIiMNA=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgxbIrgh6LXjxWsB/QLiWbZtvYbLIkWbEs/ Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LK6tr6RnGztLW9s7tX3j9oGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wjm6nfemTacCXv7ThhQUwGkkecEuuk5ln3iff8XrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy 6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+7qNSu8ziKcATHcAo+XEINbqEODaDwAM/wCm9IoRf0jj7mrQWUzxzCH6DPH+zgjrA=</latexit><latexit sha1_base64="2Vknrf9CWuq7qUhzEM/wpKIiMNA=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgxbIrgh6LXjxWsB/QLiWbZtvYbLIkWbEs/ Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LK6tr6RnGztLW9s7tX3j9oGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wjm6nfemTacCXv7ThhQUwGkkecEuuk5ln3iff8XrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy 6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+7qNSu8ziKcATHcAo+XEINbqEODaDwAM/wCm9IoRf0jj7mrQWUzxzCH6DPH+zgjrA=</latexit><latexit sha1_base64="2Vknrf9CWuq7qUhzEM/wpKIiMNA=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgxbIrgh6LXjxWsB/QLiWbZtvYbLIkWbEs/ Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LK6tr6RnGztLW9s7tX3j9oGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wjm6nfemTacCXv7ThhQUwGkkecEuuk5ln3iff8XrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy 6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+7qNSu8ziKcATHcAo+XEINbqEODaDwAM/wCm9IoRf0jj7mrQWUzxzCH6DPH+zgjrA=</latexit><latexit sha1_base64="2Vknrf9CWuq7qUhzEM/wpKIiMNA=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgxbIrgh6LXjxWsB/QLiWbZtvYbLIkWbEs/ Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LK6tr6RnGztLW9s7tX3j9oGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wjm6nfemTacCXv7ThhQUwGkkecEuuk5ln3iff8XrniVb0Z8DLxc1KBHPVe+avbVzSNmbRUEGM6vpfYICPacirYpNRNDUsIHZEB6zgqScxMkM2uneATp/RxpLQrafFM/T2RkdiYcRy 6zpjYoVn0puJ/Xie10VWQcZmklkk6XxSlAluFp6/jPteMWjF2hFDN3a2YDokm1LqASi4Ef/HlZdI8r/pe1b+7qNSu8ziKcATHcAo+XEINbqEODaDwAM/wCm9IoRf0jj7mrQWUzxzCH6DPH+zgjrA=</latexit>
⇠1
<latexit sha1_base64="J/ZEbN+HTBKKIiezDzOt6PnFbTM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0 GPRi8cKpi20oWy2m3bpZhN2J2IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3JtRKIecJLyIKZDJSLBKFrJ7z2Jvtev1ty6OwdZJV5Bal Cg2a9+9QYJy2KukElqTNdzUwxyqlEwyaeVXmZ4StmYDnnXUkVjboJ8fuyUnFllQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmafk4HQnKGcWEKZFvZWwkZUU4Y2n4oNwVt+eZW0LuqeW/fuL2uNmyKOMpz AKZyDB1fQgDtogg8MBDzDK7w5ynlx3p2PRWvJKWaO4Q+czx+C3455</latexit><latexit sha1_base64="J/ZEbN+HTBKKIiezDzOt6PnFbTM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0 GPRi8cKpi20oWy2m3bpZhN2J2IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3JtRKIecJLyIKZDJSLBKFrJ7z2Jvtev1ty6OwdZJV5Bal Cg2a9+9QYJy2KukElqTNdzUwxyqlEwyaeVXmZ4StmYDnnXUkVjboJ8fuyUnFllQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmafk4HQnKGcWEKZFvZWwkZUU4Y2n4oNwVt+eZW0LuqeW/fuL2uNmyKOMpz AKZyDB1fQgDtogg8MBDzDK7w5ynlx3p2PRWvJKWaO4Q+czx+C3455</latexit><latexit sha1_base64="J/ZEbN+HTBKKIiezDzOt6PnFbTM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0 GPRi8cKpi20oWy2m3bpZhN2J2IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3JtRKIecJLyIKZDJSLBKFrJ7z2Jvtev1ty6OwdZJV5Bal Cg2a9+9QYJy2KukElqTNdzUwxyqlEwyaeVXmZ4StmYDnnXUkVjboJ8fuyUnFllQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmafk4HQnKGcWEKZFvZWwkZUU4Y2n4oNwVt+eZW0LuqeW/fuL2uNmyKOMpz AKZyDB1fQgDtogg8MBDzDK7w5ynlx3p2PRWvJKWaO4Q+czx+C3455</latexit><latexit sha1_base64="J/ZEbN+HTBKKIiezDzOt6PnFbTM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0 GPRi8cKpi20oWy2m3bpZhN2J2IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3JtRKIecJLyIKZDJSLBKFrJ7z2Jvtev1ty6OwdZJV5Bal Cg2a9+9QYJy2KukElqTNdzUwxyqlEwyaeVXmZ4StmYDnnXUkVjboJ8fuyUnFllQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmafk4HQnKGcWEKZFvZWwkZUU4Y2n4oNwVt+eZW0LuqeW/fuL2uNmyKOMpz AKZyDB1fQgDtogg8MBDzDK7w5ynlx3p2PRWvJKWaO4Q+czx+C3455</latexit>
Figure 5. The pictorial representation of a (left) push out on triangles with one dot.
We can moreover define an inverse of a (left) push out, which we will call a right push
out. On the odd invariants, it acts in the same way as the left push out.
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Figure 6. The pictorial representation of a right push out on triangles with one dot.
Superflip Let us next discuss the change of ideal triangulations. This can be achieved
by a superflip operation as in Fig. 7, where we change the the diagonal in a quadrilateral.
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Figure 7. A superflip changes the diagonal of a quadrilateral.
Note that in the superflip we have simultaneously changed the Kasteleyn orientation
so that we keep the spin structure. The superflip of Fig. 7 generates the coordinate trans-
formation [23, Figure 5.3]:
X
Y
Z
ξ1
ξ2
→

X ′
Y ′
Z ′
ξ′1
ξ′2
 =

X(1 + Z + ξ1ξ2
√
Z)
Y (1 + Z−1 + ξ1ξ2
√
Z−1)−1
Z−1
(1 + Z)−1/2(ξ1 − ξ2
√
Z)
(1 + Z)−1/2(ξ1
√
Z + ξ2)
 . (3.7)
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The coordinate transformations depend crucially on the choice of the Kasteleyn ori-
entations. In general one can derive the transformation formulas using the results of [23,
Chapter 5] in combination of suitable push outs. Fig. 7 is only one of the four equivalence
classes of Kasteleyn orientations for the quadrilateral.
4 Mapping Class Group
In this section we explicitly work out the effects of the mapping class group on the coor-
dinates of the super Teichmüller space introduced previously. While our formalism works
in general, we will discuss the example of the once-punctured torus Σ1,1 in detail. We
begin in Sec. 4.1 with general reminder on the mapping class group and its action on spin
structures. We then discuss the mapping class group actions on odd and even structures in
turn (Sec. 4.2 and Sec. 4.3).
4.1 Mapping Class Group Generalities
Let us discuss the mapping class group for the once-punctured torus. In contrast with the
flips and push outs, this in general changes the spin structure.
The mapping class group for the once-punctured torus is SL(2,Z).8 This group acts
on α- and β-cycles, which are generators of H1(Σ,Z), as(
α
β
)
7→
(
a b
c d
)(
α
β
)
,
(
a b
c d
)
∈ SL(2,Z) . (4.1)
We choose the generators of the mapping class group to be
L =
(
1 1
0 1
)
, R =
(
1 0
1 1
)
, (4.2)
representing Dehn twists along α and β-cycles. More concretely, these flips change the α
and β-cycles of the torus as
L : α→ α+ β , β → β , R : α→ α , β → α+ β . (4.3)
Let us choose a spin structure σ = (σ(α), σ(β)) ∈ Z2 ⊕ Z2 on the 2-manifold Σ and
consider the action of the mapping class group element. This is known to be an affine
transformation (cf. [47])(
σ(α)
σ(β)
)
7→
(
a b
c d
)
·
(
σ(α)
σ(β)
)
+
(
ab
cd
)
. (4.4)
We have two orbits under the mapping class group: an even orbit σ = (0, 0), (0, 1), (1, 0)
and an isolated odd orbit σ = (1, 1) (see the left figure of Fig. 10).
8The orientation-preserving subgroup is PSL(2,Z). We will later find that with fermions we need to
consider the double cover of SL(2,Z), the metaplectic group Mp(2,Z).
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We can choose a different set of the generators for the SL(2,Z) mapping class group.
For example, we can use the S and T generators
S = L−1RL−1 =
(
0 −1
1 0
)
, T = L =
(
1 1
0 1
)
. (4.5)
The change of the spin structure under these generators is shown in the right figure of
Fig. 10.
4.2 Mapping Class Group: Odd Spin Structure
We wish to describe mapping class actions inside the framework of the quantum Teichmüller
theory. The basic idea is simple: starting with a dotted ideal triangulation, we apply
the mapping class group action, namely to change the fundamental region of the torus.
The result will be another dotted ideal triangulation, to which we can associate another
coordinate chart of the super Teichmüller space.
While such an operation in general changes the spin structure, let us here consider
the odd spin structure, namely the type (1, 1) spin structure, so that we are back to the
same spin structure (and hence of the same connected component of the super Teichmüller
space).
The steps for deriving the action of the L generator is shown in Figs. 8. Notice that
in writing down the expression for the L generator we need to make sure that we come
back to the same coordinate chart of the super Teichmüller space, and this requires suitable
superflips and push outs from Sec. 3.3.
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⇠1
<latexit sha1_base64="J/ZEbN+HTBKKIiezDzOt6PnFbTM=">AAAB7 HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN2J2IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7s rO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3JtRKIecJLyIKZDJSLBKFrJ7z2Jvtev1ty6OwdZJV5BalCg2a9+9QYJy2Kuk ElqTNdzUwxyqlEwyaeVXmZ4StmYDnnXUkVjboJ8fuyUnFllQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmafk4HQnK GcWEKZFvZWwkZUU4Y2n4oNwVt+eZW0LuqeW/fuL2uNmyKOMpzAKZyDB1fQgDtogg8MBDzDK7w5ynlx3p2PRWvJKWaO4Q+czx+C3455</latexit><latexit sha1_base64="J/ZEbN+HTBKKIiezDzOt6PnFbTM=">AAAB7 HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN2J2IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7s rO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3JtRKIecJLyIKZDJSLBKFrJ7z2Jvtev1ty6OwdZJV5BalCg2a9+9QYJy2Kuk ElqTNdzUwxyqlEwyaeVXmZ4StmYDnnXUkVjboJ8fuyUnFllQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmafk4HQnK GcWEKZFvZWwkZUU4Y2n4oNwVt+eZW0LuqeW/fuL2uNmyKOMpzAKZyDB1fQgDtogg8MBDzDK7w5ynlx3p2PRWvJKWaO4Q+czx+C3455</latexit><latexit sha1_base64="J/ZEbN+HTBKKIiezDzOt6PnFbTM=">AAAB7 HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN2J2IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7s rO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3JtRKIecJLyIKZDJSLBKFrJ7z2Jvtev1ty6OwdZJV5BalCg2a9+9QYJy2Kuk ElqTNdzUwxyqlEwyaeVXmZ4StmYDnnXUkVjboJ8fuyUnFllQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmafk4HQnK GcWEKZFvZWwkZUU4Y2n4oNwVt+eZW0LuqeW/fuL2uNmyKOMpzAKZyDB1fQgDtogg8MBDzDK7w5ynlx3p2PRWvJKWaO4Q+czx+C3455</latexit><latexit sha1_base64="J/ZEbN+HTBKKIiezDzOt6PnFbTM=">AAAB7 HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN2J2IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7s rO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3JtRKIecJLyIKZDJSLBKFrJ7z2Jvtev1ty6OwdZJV5BalCg2a9+9QYJy2Kuk ElqTNdzUwxyqlEwyaeVXmZ4StmYDnnXUkVjboJ8fuyUnFllQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmafk4HQnK GcWEKZFvZWwkZUU4Y2n4oNwVt+eZW0LuqeW/fuL2uNmyKOMpzAKZyDB1fQgDtogg8MBDzDK7w5ynlx3p2PRWvJKWaO4Q+czx+C3455</latexit>
⇠0001
<latexit sha1_base64="oE5eMl899k9i5CmPXdMt+4rQP0M=">AAAB73icbVBNS8NAEJ34WetX1aOXxSL1VBIR9Fj04rGC/YA2lM120i7dbOLuRiyhf 8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGiu1u0+8Uqn0vF6p7FbdGcgy8XJShhz1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns3gk5tUqfhLGyJQ2Zqb8nMhppPY4 C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfR50ucKmRFjSyhT3N5K2JAqyoyNqGhD8BZfXibN86rnVr27i3LtOo+jAMdwAmfgwSXU4Bbq0AAGAp7hFd6cB+fFeXc+5q0rTj5zBH/gfP4AqCKPDA==</latexit><latexit sha1_base64="oE5eMl899k9i5CmPXdMt+4rQP0M=">AAAB73icbVBNS8NAEJ34WetX1aOXxSL1VBIR9Fj04rGC/YA2lM120i7dbOLuRiyhf 8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGiu1u0+8Uqn0vF6p7FbdGcgy8XJShhz1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns3gk5tUqfhLGyJQ2Zqb8nMhppPY4 C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfR50ucKmRFjSyhT3N5K2JAqyoyNqGhD8BZfXibN86rnVr27i3LtOo+jAMdwAmfgwSXU4Bbq0AAGAp7hFd6cB+fFeXc+5q0rTj5zBH/gfP4AqCKPDA==</latexit><latexit sha1_base64="oE5eMl899k9i5CmPXdMt+4rQP0M=">AAAB73icbVBNS8NAEJ34WetX1aOXxSL1VBIR9Fj04rGC/YA2lM120i7dbOLuRiyhf 8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGiu1u0+8Uqn0vF6p7FbdGcgy8XJShhz1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns3gk5tUqfhLGyJQ2Zqb8nMhppPY4 C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfR50ucKmRFjSyhT3N5K2JAqyoyNqGhD8BZfXibN86rnVr27i3LtOo+jAMdwAmfgwSXU4Bbq0AAGAp7hFd6cB+fFeXc+5q0rTj5zBH/gfP4AqCKPDA==</latexit><latexit sha1_base64="oE5eMl899k9i5CmPXdMt+4rQP0M=">AAAB73icbVBNS8NAEJ34WetX1aOXxSL1VBIR9Fj04rGC/YA2lM120i7dbOLuRiyhf 8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGiu1u0+8Uqn0vF6p7FbdGcgy8XJShhz1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns3gk5tUqfhLGyJQ2Zqb8nMhppPY4 C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfR50ucKmRFjSyhT3N5K2JAqyoyNqGhD8BZfXibN86rnVr27i3LtOo+jAMdwAmfgwSXU4Bbq0AAGAp7hFd6cB+fFeXc+5q0rTj5zBH/gfP4AqCKPDA==</latexit>
⇠0002
<latexit sha1_base64="kHA3Gz6az0euJ4YVeis/rM6K1g8=">AAAB73icbVDLTgJBEOzFF+IL9ehlIjF4IrvERI9ELx4xkUcCGzI79MKE2dl1ZtZIC D/hxYPGePV3vPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJb3ZpygH9GB5CFn1Fip3X3i5XK5V+0VS27FnYOsEi8jJchQ7xW/uv2YpRFKwwTVuuO5ifEnVBnOBE4L3VRjQtmIDrBjqaQRan8yv3dKzqzSJ2GsbElD5urviQmNtB5 Hge2MqBnqZW8m/ud1UhNe+RMuk9SgZItFYSqIicnsedLnCpkRY0soU9zeStiQKsqMjahgQ/CWX14lzWrFcyve3UWpdp3FkYcTOIVz8OASanALdWgAAwHP8ApvzoPz4rw7H4vWnJPNHMMfOJ8/qaaPDQ==</latexit><latexit sha1_base64="kHA3Gz6az0euJ4YVeis/rM6K1g8=">AAAB73icbVDLTgJBEOzFF+IL9ehlIjF4IrvERI9ELx4xkUcCGzI79MKE2dl1ZtZIC D/hxYPGePV3vPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJb3ZpygH9GB5CFn1Fip3X3i5XK5V+0VS27FnYOsEi8jJchQ7xW/uv2YpRFKwwTVuuO5ifEnVBnOBE4L3VRjQtmIDrBjqaQRan8yv3dKzqzSJ2GsbElD5urviQmNtB5 Hge2MqBnqZW8m/ud1UhNe+RMuk9SgZItFYSqIicnsedLnCpkRY0soU9zeStiQKsqMjahgQ/CWX14lzWrFcyve3UWpdp3FkYcTOIVz8OASanALdWgAAwHP8ApvzoPz4rw7H4vWnJPNHMMfOJ8/qaaPDQ==</latexit><latexit sha1_base64="kHA3Gz6az0euJ4YVeis/rM6K1g8=">AAAB73icbVDLTgJBEOzFF+IL9ehlIjF4IrvERI9ELx4xkUcCGzI79MKE2dl1ZtZIC D/hxYPGePV3vPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJb3ZpygH9GB5CFn1Fip3X3i5XK5V+0VS27FnYOsEi8jJchQ7xW/uv2YpRFKwwTVuuO5ifEnVBnOBE4L3VRjQtmIDrBjqaQRan8yv3dKzqzSJ2GsbElD5urviQmNtB5 Hge2MqBnqZW8m/ud1UhNe+RMuk9SgZItFYSqIicnsedLnCpkRY0soU9zeStiQKsqMjahgQ/CWX14lzWrFcyve3UWpdp3FkYcTOIVz8OASanALdWgAAwHP8ApvzoPz4rw7H4vWnJPNHMMfOJ8/qaaPDQ==</latexit><latexit sha1_base64="kHA3Gz6az0euJ4YVeis/rM6K1g8=">AAAB73icbVDLTgJBEOzFF+IL9ehlIjF4IrvERI9ELx4xkUcCGzI79MKE2dl1ZtZIC D/hxYPGePV3vPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJb3ZpygH9GB5CFn1Fip3X3i5XK5V+0VS27FnYOsEi8jJchQ7xW/uv2YpRFKwwTVuuO5ifEnVBnOBE4L3VRjQtmIDrBjqaQRan8yv3dKzqzSJ2GsbElD5urviQmNtB5 Hge2MqBnqZW8m/ud1UhNe+RMuk9SgZItFYSqIicnsedLnCpkRY0soU9zeStiQKsqMjahgQ/CWX14lzWrFcyve3UWpdp3FkYcTOIVz8OASanALdWgAAwHP8ApvzoPz4rw7H4vWnJPNHMMfOJ8/qaaPDQ==</latexit>
⇠01
<latexit sha1_base64="ZM/F44F6U7k2LJwtOwlzbC+7n3w=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvoqeyKoMeiF48V7Ae0S8mm2TY2myxJV ixL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIb63nfqLCyura+UdwsbW3v7O6V9w+aRqWasgZVQul2SAwTXLKG5VawdqIZiUPBWuHoZuq3Hpk2XMl7O05YEJOB5BGnxDqp2X3ipz2/V654VW8GvEz8nFQgR71X/ur2FU1jJi0VxJiO7yU2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ/jEKX0cKe1KWjx Tf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpwFbh6eu4zzWjVowdIVRzdyumQ6IJtS6gkgvBX3x5mTTPq75X9e8uKrXrPI4iHMExnIEPl1CDW6hDAyg8wDO8whtS6AW9o495awHlM4fwB+jzB+Ryjqo=</latexit><latexit sha1_base64="ZM/F44F6U7k2LJwtOwlzbC+7n3w=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvoqeyKoMeiF48V7Ae0S8mm2TY2myxJV ixL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIb63nfqLCyura+UdwsbW3v7O6V9w+aRqWasgZVQul2SAwTXLKG5VawdqIZiUPBWuHoZuq3Hpk2XMl7O05YEJOB5BGnxDqp2X3ipz2/V654VW8GvEz8nFQgR71X/ur2FU1jJi0VxJiO7yU2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ/jEKX0cKe1KWjx Tf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpwFbh6eu4zzWjVowdIVRzdyumQ6IJtS6gkgvBX3x5mTTPq75X9e8uKrXrPI4iHMExnIEPl1CDW6hDAyg8wDO8whtS6AW9o495awHlM4fwB+jzB+Ryjqo=</latexit><latexit sha1_base64="ZM/F44F6U7k2LJwtOwlzbC+7n3w=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvoqeyKoMeiF48V7Ae0S8mm2TY2myxJV ixL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIb63nfqLCyura+UdwsbW3v7O6V9w+aRqWasgZVQul2SAwTXLKG5VawdqIZiUPBWuHoZuq3Hpk2XMl7O05YEJOB5BGnxDqp2X3ipz2/V654VW8GvEz8nFQgR71X/ur2FU1jJi0VxJiO7yU2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ/jEKX0cKe1KWjx Tf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpwFbh6eu4zzWjVowdIVRzdyumQ6IJtS6gkgvBX3x5mTTPq75X9e8uKrXrPI4iHMExnIEPl1CDW6hDAyg8wDO8whtS6AW9o495awHlM4fwB+jzB+Ryjqo=</latexit><latexit sha1_base64="ZM/F44F6U7k2LJwtOwlzbC+7n3w=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvoqeyKoMeiF48V7Ae0S8mm2TY2myxJV ixL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIb63nfqLCyura+UdwsbW3v7O6V9w+aRqWasgZVQul2SAwTXLKG5VawdqIZiUPBWuHoZuq3Hpk2XMl7O05YEJOB5BGnxDqp2X3ipz2/V654VW8GvEz8nFQgR71X/ur2FU1jJi0VxJiO7yU2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ/jEKX0cKe1KWjx Tf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpwFbh6eu4zzWjVowdIVRzdyumQ6IJtS6gkgvBX3x5mTTPq75X9e8uKrXrPI4iHMExnIEPl1CDW6hDAyg8wDO8whtS6AW9o495awHlM4fwB+jzB+Ryjqo=</latexit>
⇠02
<latexit sha1_base64="2aS/1yTQowI2m8PLqlhGqx9cBZ4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA9hd0g6DHoxWME84BkCbOT2WTMPJaZWTEs+ QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7rkWrDlLy344SGAg8kixnB1knN7hM761V7pbJf8WdAyyTISRly1Hulr25fkVRQaQnHxnQCP7FhhrVlhNNJsZsammAywgPacVRiQU2Yza6doFOn9FGstCtp0Uz9PZFhYcxYRK5 TYDs0i95U/M/rpDa+CjMmk9RSSeaL4pQjq9D0ddRnmhLLx45gopm7FZEh1phYF1DRhRAsvrxMmtVK4FeCu4ty7TqPowDHcALnEMAl1OAW6tAAAg/wDK/w5invxXv3PuatK14+cwR/4H3+AOX2jqs=</latexit><latexit sha1_base64="2aS/1yTQowI2m8PLqlhGqx9cBZ4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA9hd0g6DHoxWME84BkCbOT2WTMPJaZWTEs+ QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7rkWrDlLy344SGAg8kixnB1knN7hM761V7pbJf8WdAyyTISRly1Hulr25fkVRQaQnHxnQCP7FhhrVlhNNJsZsammAywgPacVRiQU2Yza6doFOn9FGstCtp0Uz9PZFhYcxYRK5 TYDs0i95U/M/rpDa+CjMmk9RSSeaL4pQjq9D0ddRnmhLLx45gopm7FZEh1phYF1DRhRAsvrxMmtVK4FeCu4ty7TqPowDHcALnEMAl1OAW6tAAAg/wDK/w5invxXv3PuatK14+cwR/4H3+AOX2jqs=</latexit><latexit sha1_base64="2aS/1yTQowI2m8PLqlhGqx9cBZ4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA9hd0g6DHoxWME84BkCbOT2WTMPJaZWTEs+ QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7rkWrDlLy344SGAg8kixnB1knN7hM761V7pbJf8WdAyyTISRly1Hulr25fkVRQaQnHxnQCP7FhhrVlhNNJsZsammAywgPacVRiQU2Yza6doFOn9FGstCtp0Uz9PZFhYcxYRK5 TYDs0i95U/M/rpDa+CjMmk9RSSeaL4pQjq9D0ddRnmhLLx45gopm7FZEh1phYF1DRhRAsvrxMmtVK4FeCu4ty7TqPowDHcALnEMAl1OAW6tAAAg/wDK/w5invxXv3PuatK14+cwR/4H3+AOX2jqs=</latexit><latexit sha1_base64="2aS/1yTQowI2m8PLqlhGqx9cBZ4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA9hd0g6DHoxWME84BkCbOT2WTMPJaZWTEs+ QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7rkWrDlLy344SGAg8kixnB1knN7hM761V7pbJf8WdAyyTISRly1Hulr25fkVRQaQnHxnQCP7FhhrVlhNNJsZsammAywgPacVRiQU2Yza6doFOn9FGstCtp0Uz9PZFhYcxYRK5 TYDs0i95U/M/rpDa+CjMmk9RSSeaL4pQjq9D0ddRnmhLLx45gopm7FZEh1phYF1DRhRAsvrxMmtVK4FeCu4ty7TqPowDHcALnEMAl1OAW6tAAAg/wDK/w5invxXv3PuatK14+cwR/4H3+AOX2jqs=</latexit>
⇠002
<latexit sha1_base64="FmanqAEcqDEPRReQz7jk3HTB4ko=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBapp5IUQY9FLx4r2FZoQ9lsJ+3SzSbsbsQS+iO8eFDEq7/Hm //GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqIaAaBZfYMtwIfEgU0igQ2AnGNzO/84hK81jem0mCfkSHkoecUWOlTu+JV6v9er9ccWvuHGSVeDmpQI5mv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+7pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFc TEZPY7GXCFzIiJJZQpbm8lbEQVZcYmVLIheMsvr5J2vea5Ne/uotK4zuMowgmcwjl4cAkNuIUmtIDBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx9HwY7c</latexit><latexit sha1_base64="FmanqAEcqDEPRReQz7jk3HTB4ko=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBapp5IUQY9FLx4r2FZoQ9lsJ+3SzSbsbsQS+iO8eFDEq7/Hm //GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqIaAaBZfYMtwIfEgU0igQ2AnGNzO/84hK81jem0mCfkSHkoecUWOlTu+JV6v9er9ccWvuHGSVeDmpQI5mv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+7pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFc TEZPY7GXCFzIiJJZQpbm8lbEQVZcYmVLIheMsvr5J2vea5Ne/uotK4zuMowgmcwjl4cAkNuIUmtIDBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx9HwY7c</latexit><latexit sha1_base64="FmanqAEcqDEPRReQz7jk3HTB4ko=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBapp5IUQY9FLx4r2FZoQ9lsJ+3SzSbsbsQS+iO8eFDEq7/Hm //GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqIaAaBZfYMtwIfEgU0igQ2AnGNzO/84hK81jem0mCfkSHkoecUWOlTu+JV6v9er9ccWvuHGSVeDmpQI5mv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+7pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFc TEZPY7GXCFzIiJJZQpbm8lbEQVZcYmVLIheMsvr5J2vea5Ne/uotK4zuMowgmcwjl4cAkNuIUmtIDBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx9HwY7c</latexit><latexit sha1_base64="FmanqAEcqDEPRReQz7jk3HTB4ko=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBapp5IUQY9FLx4r2FZoQ9lsJ+3SzSbsbsQS+iO8eFDEq7/Hm //GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqIaAaBZfYMtwIfEgU0igQ2AnGNzO/84hK81jem0mCfkSHkoecUWOlTu+JV6v9er9ccWvuHGSVeDmpQI5mv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+7pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFc TEZPY7GXCFzIiJJZQpbm8lbEQVZcYmVLIheMsvr5J2vea5Ne/uotK4zuMowgmcwjl4cAkNuIUmtIDBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx9HwY7c</latexit>
⇠001
<latexit sha1_base64="VDTC9/lpA/nHED7+qgDiWiyDV4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBapp5KIoMeiF48V7Ae0oWy2k3bpZhN2N2IJ/RFePCji1d/jz X/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHssHM0nQj+hQ8pAzaqzU7j3xarXv9csVt+bOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+bnTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQU xMZr+TAVfIjJhYQpni9lbCRlRRZmxCJRuCt/zyKmld1Dy35t1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QNGPY7b</latexit><latexit sha1_base64="VDTC9/lpA/nHED7+qgDiWiyDV4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBapp5KIoMeiF48V7Ae0oWy2k3bpZhN2N2IJ/RFePCji1d/jz X/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHssHM0nQj+hQ8pAzaqzU7j3xarXv9csVt+bOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+bnTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQU xMZr+TAVfIjJhYQpni9lbCRlRRZmxCJRuCt/zyKmld1Dy35t1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QNGPY7b</latexit><latexit sha1_base64="VDTC9/lpA/nHED7+qgDiWiyDV4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBapp5KIoMeiF48V7Ae0oWy2k3bpZhN2N2IJ/RFePCji1d/jz X/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHssHM0nQj+hQ8pAzaqzU7j3xarXv9csVt+bOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+bnTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQU xMZr+TAVfIjJhYQpni9lbCRlRRZmxCJRuCt/zyKmld1Dy35t1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QNGPY7b</latexit><latexit sha1_base64="VDTC9/lpA/nHED7+qgDiWiyDV4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBapp5KIoMeiF48V7Ae0oWy2k3bpZhN2N2IJ/RFePCji1d/jz X/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHssHM0nQj+hQ8pAzaqzU7j3xarXv9csVt+bOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+bnTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQU xMZr+TAVfIjJhYQpni9lbCRlRRZmxCJRuCt/zyKmld1Dy35t1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QNGPY7b</latexit>
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<latexit sha1_base64="ZM/F44F6U7k2LJwtOwlzbC+7n3w=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvoqeyKoMeiF48V7Ae0S8mm2TY2myxJV ixL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIb63nfqLCyura+UdwsbW3v7O6V9w+aRqWasgZVQul2SAwTXLKG5VawdqIZiUPBWuHoZuq3Hpk2XMl7O05YEJOB5BGnxDqp2X3ipz2/V654VW8GvEz8nFQgR71X/ur2FU1jJi0VxJiO7yU2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ/jEKX0cKe1KWjx Tf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpwFbh6eu4zzWjVowdIVRzdyumQ6IJtS6gkgvBX3x5mTTPq75X9e8uKrXrPI4iHMExnIEPl1CDW6hDAyg8wDO8whtS6AW9o495awHlM4fwB+jzB+Ryjqo=</latexit><latexit sha1_base64="ZM/F44F6U7k2LJwtOwlzbC+7n3w=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvoqeyKoMeiF48V7Ae0S8mm2TY2myxJV ixL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIb63nfqLCyura+UdwsbW3v7O6V9w+aRqWasgZVQul2SAwTXLKG5VawdqIZiUPBWuHoZuq3Hpk2XMl7O05YEJOB5BGnxDqp2X3ipz2/V654VW8GvEz8nFQgR71X/ur2FU1jJi0VxJiO7yU2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ/jEKX0cKe1KWjx Tf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpwFbh6eu4zzWjVowdIVRzdyumQ6IJtS6gkgvBX3x5mTTPq75X9e8uKrXrPI4iHMExnIEPl1CDW6hDAyg8wDO8whtS6AW9o495awHlM4fwB+jzB+Ryjqo=</latexit><latexit sha1_base64="ZM/F44F6U7k2LJwtOwlzbC+7n3w=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvoqeyKoMeiF48V7Ae0S8mm2TY2myxJV ixL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIb63nfqLCyura+UdwsbW3v7O6V9w+aRqWasgZVQul2SAwTXLKG5VawdqIZiUPBWuHoZuq3Hpk2XMl7O05YEJOB5BGnxDqp2X3ipz2/V654VW8GvEz8nFQgR71X/ur2FU1jJi0VxJiO7yU2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ/jEKX0cKe1KWjx Tf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpwFbh6eu4zzWjVowdIVRzdyumQ6IJtS6gkgvBX3x5mTTPq75X9e8uKrXrPI4iHMExnIEPl1CDW6hDAyg8wDO8whtS6AW9o495awHlM4fwB+jzB+Ryjqo=</latexit><latexit sha1_base64="ZM/F44F6U7k2LJwtOwlzbC+7n3w=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvoqeyKoMeiF48V7Ae0S8mm2TY2myxJV ixL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIb63nfqLCyura+UdwsbW3v7O6V9w+aRqWasgZVQul2SAwTXLKG5VawdqIZiUPBWuHoZuq3Hpk2XMl7O05YEJOB5BGnxDqp2X3ipz2/V654VW8GvEz8nFQgR71X/ur2FU1jJi0VxJiO7yU2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ/jEKX0cKe1KWjx Tf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpwFbh6eu4zzWjVowdIVRzdyumQ6IJtS6gkgvBX3x5mTTPq75X9e8uKrXrPI4iHMExnIEPl1CDW6hDAyg8wDO8whtS6AW9o495awHlM4fwB+jzB+Ryjqo=</latexit>
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<latexit sha1_base64="VDTC9/lpA/nHED7+qgDiWiyDV4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBapp5KIoMeiF48V7Ae0oWy2k3bpZhN2N2IJ/RFePCji1d/jz X/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHssHM0nQj+hQ8pAzaqzU7j3xarXv9csVt+bOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+bnTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQU xMZr+TAVfIjJhYQpni9lbCRlRRZmxCJRuCt/zyKmld1Dy35t1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QNGPY7b</latexit><latexit sha1_base64="VDTC9/lpA/nHED7+qgDiWiyDV4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBapp5KIoMeiF48V7Ae0oWy2k3bpZhN2N2IJ/RFePCji1d/jz X/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHssHM0nQj+hQ8pAzaqzU7j3xarXv9csVt+bOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+bnTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQU xMZr+TAVfIjJhYQpni9lbCRlRRZmxCJRuCt/zyKmld1Dy35t1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QNGPY7b</latexit><latexit sha1_base64="VDTC9/lpA/nHED7+qgDiWiyDV4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBapp5KIoMeiF48V7Ae0oWy2k3bpZhN2N2IJ/RFePCji1d/jz X/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHssHM0nQj+hQ8pAzaqzU7j3xarXv9csVt+bOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+bnTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQU xMZr+TAVfIjJhYQpni9lbCRlRRZmxCJRuCt/zyKmld1Dy35t1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QNGPY7b</latexit><latexit sha1_base64="VDTC9/lpA/nHED7+qgDiWiyDV4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBapp5KIoMeiF48V7Ae0oWy2k3bpZhN2N2IJ/RFePCji1d/jz X/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHssHM0nQj+hQ8pAzaqzU7j3xarXv9csVt+bOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+bnTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQU xMZr+TAVfIjJhYQpni9lbCRlRRZmxCJRuCt/zyKmld1Dy35t1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QNGPY7b</latexit> ⇠0001
<latexit sha1_base64="oE5eMl899k9i5CmPXdMt+4rQP0M=">AAAB73icbVBNS8NAEJ34WetX1aOXxSL1VBIR9Fj04rGC/YA2lM120i7dbOLuRiyhf 8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGiu1u0+8Uqn0vF6p7FbdGcgy8XJShhz1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns3gk5tUqfhLGyJQ2Zqb8nMhppPY4 C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfR50ucKmRFjSyhT3N5K2JAqyoyNqGhD8BZfXibN86rnVr27i3LtOo+jAMdwAmfgwSXU4Bbq0AAGAp7hFd6cB+fFeXc+5q0rTj5zBH/gfP4AqCKPDA==</latexit><latexit sha1_base64="oE5eMl899k9i5CmPXdMt+4rQP0M=">AAAB73icbVBNS8NAEJ34WetX1aOXxSL1VBIR9Fj04rGC/YA2lM120i7dbOLuRiyhf 8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGiu1u0+8Uqn0vF6p7FbdGcgy8XJShhz1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns3gk5tUqfhLGyJQ2Zqb8nMhppPY4 C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfR50ucKmRFjSyhT3N5K2JAqyoyNqGhD8BZfXibN86rnVr27i3LtOo+jAMdwAmfgwSXU4Bbq0AAGAp7hFd6cB+fFeXc+5q0rTj5zBH/gfP4AqCKPDA==</latexit><latexit sha1_base64="oE5eMl899k9i5CmPXdMt+4rQP0M=">AAAB73icbVBNS8NAEJ34WetX1aOXxSL1VBIR9Fj04rGC/YA2lM120i7dbOLuRiyhf 8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGiu1u0+8Uqn0vF6p7FbdGcgy8XJShhz1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns3gk5tUqfhLGyJQ2Zqb8nMhppPY4 C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfR50ucKmRFjSyhT3N5K2JAqyoyNqGhD8BZfXibN86rnVr27i3LtOo+jAMdwAmfgwSXU4Bbq0AAGAp7hFd6cB+fFeXc+5q0rTj5zBH/gfP4AqCKPDA==</latexit><latexit sha1_base64="oE5eMl899k9i5CmPXdMt+4rQP0M=">AAAB73icbVBNS8NAEJ34WetX1aOXxSL1VBIR9Fj04rGC/YA2lM120i7dbOLuRiyhf 8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGiu1u0+8Uqn0vF6p7FbdGcgy8XJShhz1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns3gk5tUqfhLGyJQ2Zqb8nMhppPY4 C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfR50ucKmRFjSyhT3N5K2JAqyoyNqGhD8BZfXibN86rnVr27i3LtOo+jAMdwAmfgwSXU4Bbq0AAGAp7hFd6cB+fFeXc+5q0rTj5zBH/gfP4AqCKPDA==</latexit>
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0
<latexit sha1_base64="sW4pBgqH8QrLXk5zhLG/ErlKLqY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8eK9kPaUDbbabt0swm7G6GE/gQvHhTx6i/y5r9x0+agrQ8G Hu/NMDMviAXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8k/mtJ1SaR/LBTGL0QzqUfMAZNVa6fzwt9coVt+rOQJaJl5MK5Kj3yl/dfsSSEKVhgmrd8dzY+ClVhjOB01I30RhTNqZD7FgqaYjaT2enTsmJVfpkEClb0pCZ+nsipaHWkzCwnSE1I73oZeJ/Xicxgys/5TJODEo2XzRIBDERyf4mfa6QGTGxhDLF7a2EjaiizNh0shC8xZe XSfO86rlV7+6iUrvO4yjCERzDGXhwCTW4hTo0gMEQnuEV3hzhvDjvzse8teDkM4fwB87nD0wzjSI=</latexit><latexit sha1_base64="sW4pBgqH8QrLXk5zhLG/ErlKLqY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8eK9kPaUDbbabt0swm7G6GE/gQvHhTx6i/y5r9x0+agrQ8G Hu/NMDMviAXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8k/mtJ1SaR/LBTGL0QzqUfMAZNVa6fzwt9coVt+rOQJaJl5MK5Kj3yl/dfsSSEKVhgmrd8dzY+ClVhjOB01I30RhTNqZD7FgqaYjaT2enTsmJVfpkEClb0pCZ+nsipaHWkzCwnSE1I73oZeJ/Xicxgys/5TJODEo2XzRIBDERyf4mfa6QGTGxhDLF7a2EjaiizNh0shC8xZe XSfO86rlV7+6iUrvO4yjCERzDGXhwCTW4hTo0gMEQnuEV3hzhvDjvzse8teDkM4fwB87nD0wzjSI=</latexit><latexit sha1_base64="sW4pBgqH8QrLXk5zhLG/ErlKLqY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8eK9kPaUDbbabt0swm7G6GE/gQvHhTx6i/y5r9x0+agrQ8G Hu/NMDMviAXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8k/mtJ1SaR/LBTGL0QzqUfMAZNVa6fzwt9coVt+rOQJaJl5MK5Kj3yl/dfsSSEKVhgmrd8dzY+ClVhjOB01I30RhTNqZD7FgqaYjaT2enTsmJVfpkEClb0pCZ+nsipaHWkzCwnSE1I73oZeJ/Xicxgys/5TJODEo2XzRIBDERyf4mfa6QGTGxhDLF7a2EjaiizNh0shC8xZe XSfO86rlV7+6iUrvO4yjCERzDGXhwCTW4hTo0gMEQnuEV3hzhvDjvzse8teDkM4fwB87nD0wzjSI=</latexit><latexit sha1_base64="sW4pBgqH8QrLXk5zhLG/ErlKLqY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8eK9kPaUDbbabt0swm7G6GE/gQvHhTx6i/y5r9x0+agrQ8G Hu/NMDMviAXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8k/mtJ1SaR/LBTGL0QzqUfMAZNVa6fzwt9coVt+rOQJaJl5MK5Kj3yl/dfsSSEKVhgmrd8dzY+ClVhjOB01I30RhTNqZD7FgqaYjaT2enTsmJVfpkEClb0pCZ+nsipaHWkzCwnSE1I73oZeJ/Xicxgys/5TJODEo2XzRIBDERyf4mfa6QGTGxhDLF7a2EjaiizNh0shC8xZe XSfO86rlV7+6iUrvO4yjCERzDGXhwCTW4hTo0gMEQnuEV3hzhvDjvzse8teDkM4fwB87nD0wzjSI=</latexit>
X 0<latexit sha1_base64="ioaPEvIGuDWHJuM/RsK7Y5qhACs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8eK1hbaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x0+agrQ8GHu/N MDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCajhUijeQoGSdxLNaRRI3g7GN7nffuLaiFg94CThfkSHSoSCUbTSfee00q/W3Lo7A1kmXkFqUKDZr371BjFLI66QSWpM13MT9DOqUTDJp5VeanhC2ZgOeddSRSNu/Gx26pScWGVAwljbUkhm6u+JjEbGTKLAdkYUR2bRy8X/vG6K4ZWfCZWkyBWbLwpTSTAm+d9kIDRnKCeWUKaFvZWwEdWUoU0nD8FbfHmZPJ7XPbfu3V 3UGtdFHGU4gmM4Aw8uoQG30IQWMBjCM7zCmyOdF+fd+Zi3lpxi5hD+wPn8AUqtjSE=</latexit><latexit sha1_base64="ioaPEvIGuDWHJuM/RsK7Y5qhACs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8eK1hbaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x0+agrQ8GHu/N MDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCajhUijeQoGSdxLNaRRI3g7GN7nffuLaiFg94CThfkSHSoSCUbTSfee00q/W3Lo7A1kmXkFqUKDZr371BjFLI66QSWpM13MT9DOqUTDJp5VeanhC2ZgOeddSRSNu/Gx26pScWGVAwljbUkhm6u+JjEbGTKLAdkYUR2bRy8X/vG6K4ZWfCZWkyBWbLwpTSTAm+d9kIDRnKCeWUKaFvZWwEdWUoU0nD8FbfHmZPJ7XPbfu3V 3UGtdFHGU4gmM4Aw8uoQG30IQWMBjCM7zCmyOdF+fd+Zi3lpxi5hD+wPn8AUqtjSE=</latexit><latexit sha1_base64="ioaPEvIGuDWHJuM/RsK7Y5qhACs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8eK1hbaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x0+agrQ8GHu/N MDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCajhUijeQoGSdxLNaRRI3g7GN7nffuLaiFg94CThfkSHSoSCUbTSfee00q/W3Lo7A1kmXkFqUKDZr371BjFLI66QSWpM13MT9DOqUTDJp5VeanhC2ZgOeddSRSNu/Gx26pScWGVAwljbUkhm6u+JjEbGTKLAdkYUR2bRy8X/vG6K4ZWfCZWkyBWbLwpTSTAm+d9kIDRnKCeWUKaFvZWwEdWUoU0nD8FbfHmZPJ7XPbfu3V 3UGtdFHGU4gmM4Aw8uoQG30IQWMBjCM7zCmyOdF+fd+Zi3lpxi5hD+wPn8AUqtjSE=</latexit><latexit sha1_base64="ioaPEvIGuDWHJuM/RsK7Y5qhACs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8eK1hbaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x0+agrQ8GHu/N MDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCajhUijeQoGSdxLNaRRI3g7GN7nffuLaiFg94CThfkSHSoSCUbTSfee00q/W3Lo7A1kmXkFqUKDZr371BjFLI66QSWpM13MT9DOqUTDJp5VeanhC2ZgOeddSRSNu/Gx26pScWGVAwljbUkhm6u+JjEbGTKLAdkYUR2bRy8X/vG6K4ZWfCZWkyBWbLwpTSTAm+d9kIDRnKCeWUKaFvZWwEdWUoU0nD8FbfHmZPJ7XPbfu3V 3UGtdFHGU4gmM4Aw8uoQG30IQWMBjCM7zCmyOdF+fd+Zi3lpxi5hD+wPn8AUqtjSE=</latexit>
Z 0<latexit sha1_base64="/KFUIEB7cfg2Qq1J5L/6Q9fK6hE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8eK9gPbUDbbabt0swm7G6GE/gQvHhTx6i/y5r9x0+agrQ8G Hu/NMDMviAXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8k/mtJ1SaR/LBTGL0QzqUfMAZNVa6fzwt9coVt+rOQJaJl5MK5Kj3yl/dfsSSEKVhgmrd8dzY+ClVhjOB01I30RhTNqZD7FgqaYjaT2enTsmJVfpkEClb0pCZ+nsipaHWkzCwnSE1I73oZeJ/Xicxgys/5TJODEo2XzRIBDERyf4mfa6QGTGxhDLF7a2EjaiizNh0shC8xZe XSfO86rlV7+6iUrvO4yjCERzDGXhwCTW4hTo0gMEQnuEV3hzhvDjvzse8teDkM4fwB87nD025jSM=</latexit><latexit sha1_base64="/KFUIEB7cfg2Qq1J5L/6Q9fK6hE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8eK9gPbUDbbabt0swm7G6GE/gQvHhTx6i/y5r9x0+agrQ8G Hu/NMDMviAXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8k/mtJ1SaR/LBTGL0QzqUfMAZNVa6fzwt9coVt+rOQJaJl5MK5Kj3yl/dfsSSEKVhgmrd8dzY+ClVhjOB01I30RhTNqZD7FgqaYjaT2enTsmJVfpkEClb0pCZ+nsipaHWkzCwnSE1I73oZeJ/Xicxgys/5TJODEo2XzRIBDERyf4mfa6QGTGxhDLF7a2EjaiizNh0shC8xZe XSfO86rlV7+6iUrvO4yjCERzDGXhwCTW4hTo0gMEQnuEV3hzhvDjvzse8teDkM4fwB87nD025jSM=</latexit><latexit sha1_base64="/KFUIEB7cfg2Qq1J5L/6Q9fK6hE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8eK9gPbUDbbabt0swm7G6GE/gQvHhTx6i/y5r9x0+agrQ8G Hu/NMDMviAXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8k/mtJ1SaR/LBTGL0QzqUfMAZNVa6fzwt9coVt+rOQJaJl5MK5Kj3yl/dfsSSEKVhgmrd8dzY+ClVhjOB01I30RhTNqZD7FgqaYjaT2enTsmJVfpkEClb0pCZ+nsipaHWkzCwnSE1I73oZeJ/Xicxgys/5TJODEo2XzRIBDERyf4mfa6QGTGxhDLF7a2EjaiizNh0shC8xZe XSfO86rlV7+6iUrvO4yjCERzDGXhwCTW4hTo0gMEQnuEV3hzhvDjvzse8teDkM4fwB87nD025jSM=</latexit><latexit sha1_base64="/KFUIEB7cfg2Qq1J5L/6Q9fK6hE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8eK9gPbUDbbabt0swm7G6GE/gQvHhTx6i/y5r9x0+agrQ8G Hu/NMDMviAXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8k/mtJ1SaR/LBTGL0QzqUfMAZNVa6fzwt9coVt+rOQJaJl5MK5Kj3yl/dfsSSEKVhgmrd8dzY+ClVhjOB01I30RhTNqZD7FgqaYjaT2enTsmJVfpkEClb0pCZ+nsipaHWkzCwnSE1I73oZeJ/Xicxgys/5TJODEo2XzRIBDERyf4mfa6QGTGxhDLF7a2EjaiizNh0shC8xZe XSfO86rlV7+6iUrvO4yjCERzDGXhwCTW4hTo0gMEQnuEV3hzhvDjvzse8teDkM4fwB87nD025jSM=</latexit> Z 00<latexit sha1_base64="AirowcjoFjlMx6A242VK+M+H9uo=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSL1VBIR9Fj04rGi/cA2lM120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMw LEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rFS6ZXKbtWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrnVc+tencX5dp1HkcBj uEEzsCDS6jBLdShAQwG8Ayv8OZI58V5dz7mrStOPnMEf+B8/gB5rY1A</latexit><latexit sha1_base64="AirowcjoFjlMx6A242VK+M+H9uo=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSL1VBIR9Fj04rGi/cA2lM120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMw LEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rFS6ZXKbtWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrnVc+tencX5dp1HkcBj uEEzsCDS6jBLdShAQwG8Ayv8OZI58V5dz7mrStOPnMEf+B8/gB5rY1A</latexit><latexit sha1_base64="AirowcjoFjlMx6A242VK+M+H9uo=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSL1VBIR9Fj04rGi/cA2lM120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMw LEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rFS6ZXKbtWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrnVc+tencX5dp1HkcBj uEEzsCDS6jBLdShAQwG8Ayv8OZI58V5dz7mrStOPnMEf+B8/gB5rY1A</latexit><latexit sha1_base64="AirowcjoFjlMx6A242VK+M+H9uo=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSL1VBIR9Fj04rGi/cA2lM120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMw LEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rFS6ZXKbtWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrnVc+tencX5dp1HkcBj uEEzsCDS6jBLdShAQwG8Ayv8OZI58V5dz7mrStOPnMEf+B8/gB5rY1A</latexit>
Z 000<latexit sha1_base64="psIJBdAmWvh8XMB3B3QwFF7lWZY=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBapp5KIoMeiF48V7Ae2oWy2m3bp7ibsboQS+he8eFDEq3/Im//GTZqDtj4YeLw3w8y8IOZMG9 f9dkpr6xubW+Xtys7u3v5B9fCoo6NEEdomEY9UL8CaciZp2zDDaS9WFIuA024wvc387hNVmkXywcxi6gs8lixkBJtMeqzX68NqzW24OdAq8QpSgwKtYfVrMIpIIqg0hGOt+54bGz/FyjDC6bwySDSNMZniMe1bKrGg2k/zW+fozCojFEbKljQoV39PpFhoPROB7RTYTPSyl4n/ef3EhNd+ymScGCrJYlGYcGQilD2ORkxRYvjMEkwUs7ciMsEKE2PjqdgQvOWXV0nnouG5De/+sta8KeIowwmcwjl4cAVNuIMWtIHA BJ7hFd4c4bw4787HorXkFDPH8AfO5w/aWY1x</latexit><latexit sha1_base64="psIJBdAmWvh8XMB3B3QwFF7lWZY=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBapp5KIoMeiF48V7Ae2oWy2m3bp7ibsboQS+he8eFDEq3/Im//GTZqDtj4YeLw3w8y8IOZMG9 f9dkpr6xubW+Xtys7u3v5B9fCoo6NEEdomEY9UL8CaciZp2zDDaS9WFIuA024wvc387hNVmkXywcxi6gs8lixkBJtMeqzX68NqzW24OdAq8QpSgwKtYfVrMIpIIqg0hGOt+54bGz/FyjDC6bwySDSNMZniMe1bKrGg2k/zW+fozCojFEbKljQoV39PpFhoPROB7RTYTPSyl4n/ef3EhNd+ymScGCrJYlGYcGQilD2ORkxRYvjMEkwUs7ciMsEKE2PjqdgQvOWXV0nnouG5De/+sta8KeIowwmcwjl4cAVNuIMWtIHA BJ7hFd4c4bw4787HorXkFDPH8AfO5w/aWY1x</latexit><latexit sha1_base64="psIJBdAmWvh8XMB3B3QwFF7lWZY=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBapp5KIoMeiF48V7Ae2oWy2m3bp7ibsboQS+he8eFDEq3/Im//GTZqDtj4YeLw3w8y8IOZMG9 f9dkpr6xubW+Xtys7u3v5B9fCoo6NEEdomEY9UL8CaciZp2zDDaS9WFIuA024wvc387hNVmkXywcxi6gs8lixkBJtMeqzX68NqzW24OdAq8QpSgwKtYfVrMIpIIqg0hGOt+54bGz/FyjDC6bwySDSNMZniMe1bKrGg2k/zW+fozCojFEbKljQoV39PpFhoPROB7RTYTPSyl4n/ef3EhNd+ymScGCrJYlGYcGQilD2ORkxRYvjMEkwUs7ciMsEKE2PjqdgQvOWXV0nnouG5De/+sta8KeIowwmcwjl4cAVNuIMWtIHA BJ7hFd4c4bw4787HorXkFDPH8AfO5w/aWY1x</latexit><latexit sha1_base64="psIJBdAmWvh8XMB3B3QwFF7lWZY=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBapp5KIoMeiF48V7Ae2oWy2m3bp7ibsboQS+he8eFDEq3/Im//GTZqDtj4YeLw3w8y8IOZMG9 f9dkpr6xubW+Xtys7u3v5B9fCoo6NEEdomEY9UL8CaciZp2zDDaS9WFIuA024wvc387hNVmkXywcxi6gs8lixkBJtMeqzX68NqzW24OdAq8QpSgwKtYfVrMIpIIqg0hGOt+54bGz/FyjDC6bwySDSNMZniMe1bKrGg2k/zW+fozCojFEbKljQoV39PpFhoPROB7RTYTPSyl4n/ef3EhNd+ymScGCrJYlGYcGQilD2ORkxRYvjMEkwUs7ciMsEKE2PjqdgQvOWXV0nnouG5De/+sta8KeIowwmcwjl4cAVNuIMWtIHA BJ7hFd4c4bw4787HorXkFDPH8AfO5w/aWY1x</latexit>X 00<latexit sha1_base64="qTi8JZXP+/QZB5KBy5m4PYwgVzY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBapp5KIoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8M PN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00KlW++WKW3PnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW35 5lbQuap5b8+4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gB2oY0+</latexit><latexit sha1_base64="qTi8JZXP+/QZB5KBy5m4PYwgVzY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBapp5KIoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8M PN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00KlW++WKW3PnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW35 5lbQuap5b8+4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gB2oY0+</latexit><latexit sha1_base64="qTi8JZXP+/QZB5KBy5m4PYwgVzY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBapp5KIoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8M PN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00KlW++WKW3PnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW35 5lbQuap5b8+4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gB2oY0+</latexit><latexit sha1_base64="qTi8JZXP+/QZB5KBy5m4PYwgVzY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBapp5KIoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8M PN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00KlW++WKW3PnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW35 5lbQuap5b8+4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gB2oY0+</latexit>
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Step 1 Step 2 Step 3 Step 4
Figure 8. The action of L(1) on a dotted triangulation of type (1, 1).
In the leftmost figure of Fig. 8, we denote the odd variable of the dotted triangle by
ξ1, and of the undotted triangle by ξ2. The first step is the superflip in the edge X and we
have the following transformations of the super Fock coordinates9:
X ′ = X−1 ,
Y ′ = Y (1 +X + ξ1ξ2
√
X)2 ,
Z ′ = Z(1 +X−1 + ξ1ξ2
√
X−1)−2 ,
ξ′1 = (1 +X)
−1/2(−ξ1 + ξ2
√
X) ,
ξ′2 = (1 +X)
−1/2(ξ1
√
X + ξ2) .
(4.6)
9This formula can be derived by the results of [23, Chapter 5], and is a variant of the formula (3.7).
Notice that compared with our formula (3.7) for a general surface we here have a power of ±2 for the factors
1 +X±1 + ξ1ξ2
√
X
±1
. This is a special feature of the once-punctured torus.
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The second step is an SL(2,Z) transformation. As shown in Fig. 8, the only effect of
this is to change the fundamental region of the torus according to the L action, and we
preserve all the coordinates associated to edges and faces. This nevertheless is a rather
crucial step for the mapping class group action.
In the third step, we go back to the original dotted triangulation by a push out, leading
to the transformation
X ′′ = X ′ , Y ′′ = Y ′ , Z ′′ = Z ′ , ξ′′1 = −ξ′1 , ξ′′2 = ξ′2 . (4.7)
We now are back in the same coordinate chart, except in the last step we need to
exchange X and Z variables:
X ′′′ = Z ′′ , Y ′′′ = Y ′′ , Z ′′′ = X ′′ , ξ′′′1 = ξ
′′
1 , ξ
′′′
2 = ξ
′′
2 . (4.8)
Therefore, considering the composition of all those steps one has
X ′′′ = Z(1 +X−1 + ξ1ξ2
√
X−1)−2 ,
Y ′′′ = Y (1 +X + ξ1ξ2
√
X)2 ,
Z ′′′ = X−1 ,
ξ′′′1 = (1 +X)
−1/2(ξ1 − ξ2
√
X) ,
ξ′′′2 = (1 +X)
−1/2(ξ1
√
X + ξ2) .
(4.9)
Let us summarize this result as a coordination transformation L(1,1), the L-generator action
on the super Teichmüller space equipped with the type (1, 1) spin structure:
L(1,1) :

X
Y
Z
ξ1
ξ2
→

Z(1 +X−1 + ξ1ξ2
√
X−1)−2
Y (1 +X + ξ1ξ2
√
X)2
X−1
(1 +X)−1/2(ξ1 − ξ2
√
X)
(1 +X)−1/2(ξ1
√
X + ξ2)
 . (4.10)
We can work out the expression for R(1,1) in a similar manner (see Fig. 9 for the four
steps10):
R(1,1) :

X
Y
Z
ξ1
ξ2
→

X(1 + Y −1 + ξ1ξ2
√
Y −1)−2
Z(1 + Y + ξ1ξ2
√
Y )2
Y −1
(1 + Y )−1/2(ξ1
√
Y + ξ2)
(1 + Y )−1/2(−ξ1 + ξ2
√
Y )
 . (4.11)
Notice that when we disregard the odd coordinates, the spin structure dependence
drops out and the resulting coordinate transformations coincide with those in the non-
supersymmetric case, studied previously in [15, 17].
10Compared with the case of L(1,1), one needs to have an extra exchange of ξ1 and ξ2 in the Step 4.
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⇠2
<latexit sha1_base64="cNNUn1s 2st/GyAsJ0cGJWke0oOU=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4K kkR9Fj04rGCaQttKJvtpl262YTdiVhCf4MXD4p49Qd589+4bXPQ1gcDj/ dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FI r7KFDyTqo5jUPJ2+H4dua3H7k2IlEPOEl5ENOhEpFgFK3k955Ev96vVN 2aOwdZJV5BqlCg2a989QYJy2KukElqTNdzUwxyqlEwyaflXmZ4StmYDnn XUkVjboJ8fuyUnFtlQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKP rIBcqzZArtlgUZZJgQmafk4HQnKGcWEKZFvZWwkZUU4Y2n7INwVt+eZW0 6jXPrXn3l9XGTRFHCU7hDC7AgytowB00wQcGAp7hFd4c5bw4787HonXN KWZO4A+czx+EY456</latexit><latexit sha1_base64="cNNUn1s 2st/GyAsJ0cGJWke0oOU=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4K kkR9Fj04rGCaQttKJvtpl262YTdiVhCf4MXD4p49Qd589+4bXPQ1gcDj/ dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FI r7KFDyTqo5jUPJ2+H4dua3H7k2IlEPOEl5ENOhEpFgFK3k955Ev96vVN 2aOwdZJV5BqlCg2a989QYJy2KukElqTNdzUwxyqlEwyaflXmZ4StmYDnn XUkVjboJ8fuyUnFtlQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKP rIBcqzZArtlgUZZJgQmafk4HQnKGcWEKZFvZWwkZUU4Y2n7INwVt+eZW0 6jXPrXn3l9XGTRFHCU7hDC7AgytowB00wQcGAp7hFd4c5bw4787HonXN KWZO4A+czx+EY456</latexit><latexit sha1_base64="cNNUn1s 2st/GyAsJ0cGJWke0oOU=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4K kkR9Fj04rGCaQttKJvtpl262YTdiVhCf4MXD4p49Qd589+4bXPQ1gcDj/ dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FI r7KFDyTqo5jUPJ2+H4dua3H7k2IlEPOEl5ENOhEpFgFK3k955Ev96vVN 2aOwdZJV5BqlCg2a989QYJy2KukElqTNdzUwxyqlEwyaflXmZ4StmYDnn XUkVjboJ8fuyUnFtlQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKP rIBcqzZArtlgUZZJgQmafk4HQnKGcWEKZFvZWwkZUU4Y2n7INwVt+eZW0 6jXPrXn3l9XGTRFHCU7hDC7AgytowB00wQcGAp7hFd4c5bw4787HonXN KWZO4A+czx+EY456</latexit><latexit sha1_base64="cNNUn1s 2st/GyAsJ0cGJWke0oOU=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4K kkR9Fj04rGCaQttKJvtpl262YTdiVhCf4MXD4p49Qd589+4bXPQ1gcDj/ dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FI r7KFDyTqo5jUPJ2+H4dua3H7k2IlEPOEl5ENOhEpFgFK3k955Ev96vVN 2aOwdZJV5BqlCg2a989QYJy2KukElqTNdzUwxyqlEwyaflXmZ4StmYDnn XUkVjboJ8fuyUnFtlQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKP rIBcqzZArtlgUZZJgQmafk4HQnKGcWEKZFvZWwkZUU4Y2n7INwVt+eZW0 6jXPrXn3l9XGTRFHCU7hDC7AgytowB00wQcGAp7hFd4c5bw4787HonXN KWZO4A+czx+EY456</latexit>
⇠1
<latexit sha1_base64="J/ZEbN+HTBKKIiezDzOt6PnFbTM=">AAAB7 HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN2J2IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7sr O7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3JtRKIecJLyIKZDJSLBKFrJ7z2Jvtev1ty6OwdZJV5BalCg2a9+9QYJy2KukEl qTNdzUwxyqlEwyaeVXmZ4StmYDnnXUkVjboJ8fuyUnFllQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmafk4HQnKG cWEKZFvZWwkZUU4Y2n4oNwVt+eZW0LuqeW/fuL2uNmyKOMpzAKZyDB1fQgDtogg8MBDzDK7w5ynlx3p2PRWvJKWaO4Q+czx+C3455</latexit><latexit sha1_base64="J/ZEbN+HTBKKIiezDzOt6PnFbTM=">AAAB7 HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN2J2IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7sr O7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3JtRKIecJLyIKZDJSLBKFrJ7z2Jvtev1ty6OwdZJV5BalCg2a9+9QYJy2KukEl qTNdzUwxyqlEwyaeVXmZ4StmYDnnXUkVjboJ8fuyUnFllQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmafk4HQnKG cWEKZFvZWwkZUU4Y2n4oNwVt+eZW0LuqeW/fuL2uNmyKOMpzAKZyDB1fQgDtogg8MBDzDK7w5ynlx3p2PRWvJKWaO4Q+czx+C3455</latexit><latexit sha1_base64="J/ZEbN+HTBKKIiezDzOt6PnFbTM=">AAAB7 HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN2J2IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7sr O7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3JtRKIecJLyIKZDJSLBKFrJ7z2Jvtev1ty6OwdZJV5BalCg2a9+9QYJy2KukEl qTNdzUwxyqlEwyaeVXmZ4StmYDnnXUkVjboJ8fuyUnFllQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmafk4HQnKG cWEKZFvZWwkZUU4Y2n4oNwVt+eZW0LuqeW/fuL2uNmyKOMpzAKZyDB1fQgDtogg8MBDzDK7w5ynlx3p2PRWvJKWaO4Q+czx+C3455</latexit><latexit sha1_base64="J/ZEbN+HTBKKIiezDzOt6PnFbTM=">AAAB7 HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN2J2IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7sr O7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3JtRKIecJLyIKZDJSLBKFrJ7z2Jvtev1ty6OwdZJV5BalCg2a9+9QYJy2KukEl qTNdzUwxyqlEwyaeVXmZ4StmYDnnXUkVjboJ8fuyUnFllQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmafk4HQnKG cWEKZFvZWwkZUU4Y2n4oNwVt+eZW0LuqeW/fuL2uNmyKOMpzAKZyDB1fQgDtogg8MBDzDK7w5ynlx3p2PRWvJKWaO4Q+czx+C3455</latexit>
⇠01
<latexit sha1_base64="ZM/F44F6U7k2LJwtOwlzbC+7n3w=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvoqeyKoMeiF48V7Ae0S8mm2TY2myxJV ixL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIb63nfqLCyura+UdwsbW3v7O6V9w+aRqWasgZVQul2SAwTXLKG5VawdqIZiUPBWuHoZuq3Hpk2XMl7O05YEJOB5BGnxDqp2X3ipz2/V654VW8GvEz8nFQgR71X/ur2FU1jJi0VxJiO7yU2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ/jEKX0cKe1KWjx Tf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpwFbh6eu4zzWjVowdIVRzdyumQ6IJtS6gkgvBX3x5mTTPq75X9e8uKrXrPI4iHMExnIEPl1CDW6hDAyg8wDO8whtS6AW9o495awHlM4fwB+jzB+Ryjqo=</latexit><latexit sha1_base64="ZM/F44F6U7k2LJwtOwlzbC+7n3w=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvoqeyKoMeiF48V7Ae0S8mm2TY2myxJV ixL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIb63nfqLCyura+UdwsbW3v7O6V9w+aRqWasgZVQul2SAwTXLKG5VawdqIZiUPBWuHoZuq3Hpk2XMl7O05YEJOB5BGnxDqp2X3ipz2/V654VW8GvEz8nFQgR71X/ur2FU1jJi0VxJiO7yU2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ/jEKX0cKe1KWjx Tf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpwFbh6eu4zzWjVowdIVRzdyumQ6IJtS6gkgvBX3x5mTTPq75X9e8uKrXrPI4iHMExnIEPl1CDW6hDAyg8wDO8whtS6AW9o495awHlM4fwB+jzB+Ryjqo=</latexit><latexit sha1_base64="ZM/F44F6U7k2LJwtOwlzbC+7n3w=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvoqeyKoMeiF48V7Ae0S8mm2TY2myxJV ixL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIb63nfqLCyura+UdwsbW3v7O6V9w+aRqWasgZVQul2SAwTXLKG5VawdqIZiUPBWuHoZuq3Hpk2XMl7O05YEJOB5BGnxDqp2X3ipz2/V654VW8GvEz8nFQgR71X/ur2FU1jJi0VxJiO7yU2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ/jEKX0cKe1KWjx Tf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpwFbh6eu4zzWjVowdIVRzdyumQ6IJtS6gkgvBX3x5mTTPq75X9e8uKrXrPI4iHMExnIEPl1CDW6hDAyg8wDO8whtS6AW9o495awHlM4fwB+jzB+Ryjqo=</latexit><latexit sha1_base64="ZM/F44F6U7k2LJwtOwlzbC+7n3w=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvoqeyKoMeiF48V7Ae0S8mm2TY2myxJV ixL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIb63nfqLCyura+UdwsbW3v7O6V9w+aRqWasgZVQul2SAwTXLKG5VawdqIZiUPBWuHoZuq3Hpk2XMl7O05YEJOB5BGnxDqp2X3ipz2/V654VW8GvEz8nFQgR71X/ur2FU1jJi0VxJiO7yU2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ/jEKX0cKe1KWjx Tf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpwFbh6eu4zzWjVowdIVRzdyumQ6IJtS6gkgvBX3x5mTTPq75X9e8uKrXrPI4iHMExnIEPl1CDW6hDAyg8wDO8whtS6AW9o495awHlM4fwB+jzB+Ryjqo=</latexit>
⇠02
<latexit sha1_base64="2aS/1yTQowI2m8PLqlhGqx9cBZ4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA9hd0g6DHoxWME84BkCbOT2WTMPJaZWTEs+ QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7rkWrDlLy344SGAg8kixnB1knN7hM761V7pbJf8WdAyyTISRly1Hulr25fkVRQaQnHxnQCP7FhhrVlhNNJsZsammAywgPacVRiQU2Yza6doFOn9FGstCtp0Uz9PZFhYcxYRK5 TYDs0i95U/M/rpDa+CjMmk9RSSeaL4pQjq9D0ddRnmhLLx45gopm7FZEh1phYF1DRhRAsvrxMmtVK4FeCu4ty7TqPowDHcALnEMAl1OAW6tAAAg/wDK/w5invxXv3PuatK14+cwR/4H3+AOX2jqs=</latexit><latexit sha1_base64="2aS/1yTQowI2m8PLqlhGqx9cBZ4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA9hd0g6DHoxWME84BkCbOT2WTMPJaZWTEs+ QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7rkWrDlLy344SGAg8kixnB1knN7hM761V7pbJf8WdAyyTISRly1Hulr25fkVRQaQnHxnQCP7FhhrVlhNNJsZsammAywgPacVRiQU2Yza6doFOn9FGstCtp0Uz9PZFhYcxYRK5 TYDs0i95U/M/rpDa+CjMmk9RSSeaL4pQjq9D0ddRnmhLLx45gopm7FZEh1phYF1DRhRAsvrxMmtVK4FeCu4ty7TqPowDHcALnEMAl1OAW6tAAAg/wDK/w5invxXv3PuatK14+cwR/4H3+AOX2jqs=</latexit><latexit sha1_base64="2aS/1yTQowI2m8PLqlhGqx9cBZ4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA9hd0g6DHoxWME84BkCbOT2WTMPJaZWTEs+ QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7rkWrDlLy344SGAg8kixnB1knN7hM761V7pbJf8WdAyyTISRly1Hulr25fkVRQaQnHxnQCP7FhhrVlhNNJsZsammAywgPacVRiQU2Yza6doFOn9FGstCtp0Uz9PZFhYcxYRK5 TYDs0i95U/M/rpDa+CjMmk9RSSeaL4pQjq9D0ddRnmhLLx45gopm7FZEh1phYF1DRhRAsvrxMmtVK4FeCu4ty7TqPowDHcALnEMAl1OAW6tAAAg/wDK/w5invxXv3PuatK14+cwR/4H3+AOX2jqs=</latexit><latexit sha1_base64="2aS/1yTQowI2m8PLqlhGqx9cBZ4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA9hd0g6DHoxWME84BkCbOT2WTMPJaZWTEs+ QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7rkWrDlLy344SGAg8kixnB1knN7hM761V7pbJf8WdAyyTISRly1Hulr25fkVRQaQnHxnQCP7FhhrVlhNNJsZsammAywgPacVRiQU2Yza6doFOn9FGstCtp0Uz9PZFhYcxYRK5 TYDs0i95U/M/rpDa+CjMmk9RSSeaL4pQjq9D0ddRnmhLLx45gopm7FZEh1phYF1DRhRAsvrxMmtVK4FeCu4ty7TqPowDHcALnEMAl1OAW6tAAAg/wDK/w5invxXv3PuatK14+cwR/4H3+AOX2jqs=</latexit>
⇠02
<latexit sha1_base64="2aS/1yTQowI2m8PLqlhGqx9cBZ4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA9hd0g6DHoxWME84BkCbOT2WTMPJaZWTEs+ QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7rkWrDlLy344SGAg8kixnB1knN7hM761V7pbJf8WdAyyTISRly1Hulr25fkVRQaQnHxnQCP7FhhrVlhNNJsZsammAywgPacVRiQU2Yza6doFOn9FGstCtp0Uz9PZFhYcxYRK5 TYDs0i95U/M/rpDa+CjMmk9RSSeaL4pQjq9D0ddRnmhLLx45gopm7FZEh1phYF1DRhRAsvrxMmtVK4FeCu4ty7TqPowDHcALnEMAl1OAW6tAAAg/wDK/w5invxXv3PuatK14+cwR/4H3+AOX2jqs=</latexit><latexit sha1_base64="2aS/1yTQowI2m8PLqlhGqx9cBZ4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA9hd0g6DHoxWME84BkCbOT2WTMPJaZWTEs+ QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7rkWrDlLy344SGAg8kixnB1knN7hM761V7pbJf8WdAyyTISRly1Hulr25fkVRQaQnHxnQCP7FhhrVlhNNJsZsammAywgPacVRiQU2Yza6doFOn9FGstCtp0Uz9PZFhYcxYRK5 TYDs0i95U/M/rpDa+CjMmk9RSSeaL4pQjq9D0ddRnmhLLx45gopm7FZEh1phYF1DRhRAsvrxMmtVK4FeCu4ty7TqPowDHcALnEMAl1OAW6tAAAg/wDK/w5invxXv3PuatK14+cwR/4H3+AOX2jqs=</latexit><latexit sha1_base64="2aS/1yTQowI2m8PLqlhGqx9cBZ4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA9hd0g6DHoxWME84BkCbOT2WTMPJaZWTEs+ QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7rkWrDlLy344SGAg8kixnB1knN7hM761V7pbJf8WdAyyTISRly1Hulr25fkVRQaQnHxnQCP7FhhrVlhNNJsZsammAywgPacVRiQU2Yza6doFOn9FGstCtp0Uz9PZFhYcxYRK5 TYDs0i95U/M/rpDa+CjMmk9RSSeaL4pQjq9D0ddRnmhLLx45gopm7FZEh1phYF1DRhRAsvrxMmtVK4FeCu4ty7TqPowDHcALnEMAl1OAW6tAAAg/wDK/w5invxXv3PuatK14+cwR/4H3+AOX2jqs=</latexit><latexit sha1_base64="2aS/1yTQowI2m8PLqlhGqx9cBZ4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA9hd0g6DHoxWME84BkCbOT2WTMPJaZWTEs+ QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7rkWrDlLy344SGAg8kixnB1knN7hM761V7pbJf8WdAyyTISRly1Hulr25fkVRQaQnHxnQCP7FhhrVlhNNJsZsammAywgPacVRiQU2Yza6doFOn9FGstCtp0Uz9PZFhYcxYRK5 TYDs0i95U/M/rpDa+CjMmk9RSSeaL4pQjq9D0ddRnmhLLx45gopm7FZEh1phYF1DRhRAsvrxMmtVK4FeCu4ty7TqPowDHcALnEMAl1OAW6tAAAg/wDK/w5invxXv3PuatK14+cwR/4H3+AOX2jqs=</latexit>
⇠01
<latexit sha1_base64="ZM/F44F6U7k2LJwtOwlzbC+7n3w=">AAAB7 XicbVBNSwMxEJ3Ur1q/qh69BIvoqeyKoMeiF48V7Ae0S8mm2TY2myxJVixL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIb63nfqLCyura+UdwsbW 3v7O6V9w+aRqWasgZVQul2SAwTXLKG5VawdqIZiUPBWuHoZuq3Hpk2XMl7O05YEJOB5BGnxDqp2X3ipz2/V654VW8GvEz8nFQgR71X/ur2FU1jJi0 VxJiO7yU2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ/jEKX0cKe1KWjxTf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpwFbh6eu4zzW jVowdIVRzdyumQ6IJtS6gkgvBX3x5mTTPq75X9e8uKrXrPI4iHMExnIEPl1CDW6hDAyg8wDO8whtS6AW9o495awHlM4fwB+jzB+Ryjqo=</latexi t><latexit sha1_base64="ZM/F44F6U7k2LJwtOwlzbC+7n3w=">AAAB7 XicbVBNSwMxEJ3Ur1q/qh69BIvoqeyKoMeiF48V7Ae0S8mm2TY2myxJVixL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIb63nfqLCyura+UdwsbW 3v7O6V9w+aRqWasgZVQul2SAwTXLKG5VawdqIZiUPBWuHoZuq3Hpk2XMl7O05YEJOB5BGnxDqp2X3ipz2/V654VW8GvEz8nFQgR71X/ur2FU1jJi0 VxJiO7yU2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ/jEKX0cKe1KWjxTf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpwFbh6eu4zzW jVowdIVRzdyumQ6IJtS6gkgvBX3x5mTTPq75X9e8uKrXrPI4iHMExnIEPl1CDW6hDAyg8wDO8whtS6AW9o495awHlM4fwB+jzB+Ryjqo=</latexi t><latexit sha1_base64="ZM/F44F6U7k2LJwtOwlzbC+7n3w=">AAAB7 XicbVBNSwMxEJ3Ur1q/qh69BIvoqeyKoMeiF48V7Ae0S8mm2TY2myxJVixL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIb63nfqLCyura+UdwsbW 3v7O6V9w+aRqWasgZVQul2SAwTXLKG5VawdqIZiUPBWuHoZuq3Hpk2XMl7O05YEJOB5BGnxDqp2X3ipz2/V654VW8GvEz8nFQgR71X/ur2FU1jJi0 VxJiO7yU2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ/jEKX0cKe1KWjxTf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpwFbh6eu4zzW jVowdIVRzdyumQ6IJtS6gkgvBX3x5mTTPq75X9e8uKrXrPI4iHMExnIEPl1CDW6hDAyg8wDO8whtS6AW9o495awHlM4fwB+jzB+Ryjqo=</latexi t><latexit sha1_base64="ZM/F44F6U7k2LJwtOwlzbC+7n3w=">AAAB7 XicbVBNSwMxEJ3Ur1q/qh69BIvoqeyKoMeiF48V7Ae0S8mm2TY2myxJVixL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIb63nfqLCyura+UdwsbW 3v7O6V9w+aRqWasgZVQul2SAwTXLKG5VawdqIZiUPBWuHoZuq3Hpk2XMl7O05YEJOB5BGnxDqp2X3ipz2/V654VW8GvEz8nFQgR71X/ur2FU1jJi0 VxJiO7yU2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ/jEKX0cKe1KWjxTf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpwFbh6eu4zzW jVowdIVRzdyumQ6IJtS6gkgvBX3x5mTTPq75X9e8uKrXrPI4iHMExnIEPl1CDW6hDAyg8wDO8whtS6AW9o495awHlM4fwB+jzB+Ryjqo=</latexi t>
⇠02
<latexit sha1_base64="2aS/1yTQowI2m8PLqlhGqx9cBZ4=">AAAB7Xi cbVDLSgNBEOz1GeMr6tHLYBA9hd0g6DHoxWME84BkCbOT2WTMPJaZWTEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3S wWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7rkWrDlLy344SGAg8kixnB1knN7hM761V7pbJf8WdAyyTISRly1Hulr25fkVRQaQnHxnQCP7Fhh rVlhNNJsZsammAywgPacVRiQU2Yza6doFOn9FGstCtp0Uz9PZFhYcxYRK5TYDs0i95U/M/rpDa+CjMmk9RSSeaL4pQjq9D0ddRnmhLLx45gopm7FZEh1 phYF1DRhRAsvrxMmtVK4FeCu4ty7TqPowDHcALnEMAl1OAW6tAAAg/wDK/w5invxXv3PuatK14+cwR/4H3+AOX2jqs=</latexit><latexit sha1_base64="2aS/1yTQowI2m8PLqlhGqx9cBZ4=">AAAB7Xi cbVDLSgNBEOz1GeMr6tHLYBA9hd0g6DHoxWME84BkCbOT2WTMPJaZWTEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3S wWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7rkWrDlLy344SGAg8kixnB1knN7hM761V7pbJf8WdAyyTISRly1Hulr25fkVRQaQnHxnQCP7Fhh rVlhNNJsZsammAywgPacVRiQU2Yza6doFOn9FGstCtp0Uz9PZFhYcxYRK5TYDs0i95U/M/rpDa+CjMmk9RSSeaL4pQjq9D0ddRnmhLLx45gopm7FZEh1 phYF1DRhRAsvrxMmtVK4FeCu4ty7TqPowDHcALnEMAl1OAW6tAAAg/wDK/w5invxXv3PuatK14+cwR/4H3+AOX2jqs=</latexit><latexit sha1_base64="2aS/1yTQowI2m8PLqlhGqx9cBZ4=">AAAB7Xi cbVDLSgNBEOz1GeMr6tHLYBA9hd0g6DHoxWME84BkCbOT2WTMPJaZWTEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3S wWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7rkWrDlLy344SGAg8kixnB1knN7hM761V7pbJf8WdAyyTISRly1Hulr25fkVRQaQnHxnQCP7Fhh rVlhNNJsZsammAywgPacVRiQU2Yza6doFOn9FGstCtp0Uz9PZFhYcxYRK5TYDs0i95U/M/rpDa+CjMmk9RSSeaL4pQjq9D0ddRnmhLLx45gopm7FZEh1 phYF1DRhRAsvrxMmtVK4FeCu4ty7TqPowDHcALnEMAl1OAW6tAAAg/wDK/w5invxXv3PuatK14+cwR/4H3+AOX2jqs=</latexit><latexit sha1_base64="2aS/1yTQowI2m8PLqlhGqx9cBZ4=">AAAB7Xi cbVDLSgNBEOz1GeMr6tHLYBA9hd0g6DHoxWME84BkCbOT2WTMPJaZWTEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3S wWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7rkWrDlLy344SGAg8kixnB1knN7hM761V7pbJf8WdAyyTISRly1Hulr25fkVRQaQnHxnQCP7Fhh rVlhNNJsZsammAywgPacVRiQU2Yza6doFOn9FGstCtp0Uz9PZFhYcxYRK5TYDs0i95U/M/rpDa+CjMmk9RSSeaL4pQjq9D0ddRnmhLLx45gopm7FZEh1 phYF1DRhRAsvrxMmtVK4FeCu4ty7TqPowDHcALnEMAl1OAW6tAAAg/wDK/w5invxXv3PuatK14+cwR/4H3+AOX2jqs=</latexit>
⇠001
<latexit sha1_base64="VDTC9/lpA/nHED7+qgDiWiyDV4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBapp5KIoMeiF48V7Ae0oWy2k3bpZhN2N2IJ/RFePCji1d/jz X/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHssHM0nQj+hQ8pAzaqzU7j3xarXv9csVt+bOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+bnTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQU xMZr+TAVfIjJhYQpni9lbCRlRRZmxCJRuCt/zyKmld1Dy35t1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QNGPY7b</latexit><latexit sha1_base64="VDTC9/lpA/nHED7+qgDiWiyDV4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBapp5KIoMeiF48V7Ae0oWy2k3bpZhN2N2IJ/RFePCji1d/jz X/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHssHM0nQj+hQ8pAzaqzU7j3xarXv9csVt+bOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+bnTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQU xMZr+TAVfIjJhYQpni9lbCRlRRZmxCJRuCt/zyKmld1Dy35t1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QNGPY7b</latexit><latexit sha1_base64="VDTC9/lpA/nHED7+qgDiWiyDV4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBapp5KIoMeiF48V7Ae0oWy2k3bpZhN2N2IJ/RFePCji1d/jz X/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHssHM0nQj+hQ8pAzaqzU7j3xarXv9csVt+bOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+bnTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQU xMZr+TAVfIjJhYQpni9lbCRlRRZmxCJRuCt/zyKmld1Dy35t1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QNGPY7b</latexit><latexit sha1_base64="VDTC9/lpA/nHED7+qgDiWiyDV4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBapp5KIoMeiF48V7Ae0oWy2k3bpZhN2N2IJ/RFePCji1d/jz X/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHssHM0nQj+hQ8pAzaqzU7j3xarXv9csVt+bOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+bnTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQU xMZr+TAVfIjJhYQpni9lbCRlRRZmxCJRuCt/zyKmld1Dy35t1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QNGPY7b</latexit>
⇠002
<latexit sha1_base64="FmanqAEcqDEPRReQz7jk3HTB4ko=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBapp5IUQY9FLx4r2FZoQ9lsJ+3SzSbsbsQS+iO8eFDEq7/Hm //GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqIaAaBZfYMtwIfEgU0igQ2AnGNzO/84hK81jem0mCfkSHkoecUWOlTu+JV6v9er9ccWvuHGSVeDmpQI5mv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+7pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFc TEZPY7GXCFzIiJJZQpbm8lbEQVZcYmVLIheMsvr5J2vea5Ne/uotK4zuMowgmcwjl4cAkNuIUmtIDBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx9HwY7c</latexit><latexit sha1_base64="FmanqAEcqDEPRReQz7jk3HTB4ko=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBapp5IUQY9FLx4r2FZoQ9lsJ+3SzSbsbsQS+iO8eFDEq7/Hm //GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqIaAaBZfYMtwIfEgU0igQ2AnGNzO/84hK81jem0mCfkSHkoecUWOlTu+JV6v9er9ccWvuHGSVeDmpQI5mv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+7pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFc TEZPY7GXCFzIiJJZQpbm8lbEQVZcYmVLIheMsvr5J2vea5Ne/uotK4zuMowgmcwjl4cAkNuIUmtIDBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx9HwY7c</latexit><latexit sha1_base64="FmanqAEcqDEPRReQz7jk3HTB4ko=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBapp5IUQY9FLx4r2FZoQ9lsJ+3SzSbsbsQS+iO8eFDEq7/Hm //GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqIaAaBZfYMtwIfEgU0igQ2AnGNzO/84hK81jem0mCfkSHkoecUWOlTu+JV6v9er9ccWvuHGSVeDmpQI5mv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+7pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFc TEZPY7GXCFzIiJJZQpbm8lbEQVZcYmVLIheMsvr5J2vea5Ne/uotK4zuMowgmcwjl4cAkNuIUmtIDBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx9HwY7c</latexit><latexit sha1_base64="FmanqAEcqDEPRReQz7jk3HTB4ko=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBapp5IUQY9FLx4r2FZoQ9lsJ+3SzSbsbsQS+iO8eFDEq7/Hm //GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqIaAaBZfYMtwIfEgU0igQ2AnGNzO/84hK81jem0mCfkSHkoecUWOlTu+JV6v9er9ccWvuHGSVeDmpQI5mv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+7pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFc TEZPY7GXCFzIiJJZQpbm8lbEQVZcYmVLIheMsvr5J2vea5Ne/uotK4zuMowgmcwjl4cAkNuIUmtIDBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx9HwY7c</latexit>
⇠002
<latexit sha1_base64="FmanqAEcqDEPRReQz7jk3HTB4ko=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBapp5IUQY9FLx4r2FZoQ9lsJ+3SzSbsbsQS+iO8eFDEq7/Hm //GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqIaAaBZfYMtwIfEgU0igQ2AnGNzO/84hK81jem0mCfkSHkoecUWOlTu+JV6v9er9ccWvuHGSVeDmpQI5mv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+7pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFc TEZPY7GXCFzIiJJZQpbm8lbEQVZcYmVLIheMsvr5J2vea5Ne/uotK4zuMowgmcwjl4cAkNuIUmtIDBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx9HwY7c</latexit><latexit sha1_base64="FmanqAEcqDEPRReQz7jk3HTB4ko=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBapp5IUQY9FLx4r2FZoQ9lsJ+3SzSbsbsQS+iO8eFDEq7/Hm //GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqIaAaBZfYMtwIfEgU0igQ2AnGNzO/84hK81jem0mCfkSHkoecUWOlTu+JV6v9er9ccWvuHGSVeDmpQI5mv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+7pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFc TEZPY7GXCFzIiJJZQpbm8lbEQVZcYmVLIheMsvr5J2vea5Ne/uotK4zuMowgmcwjl4cAkNuIUmtIDBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx9HwY7c</latexit><latexit sha1_base64="FmanqAEcqDEPRReQz7jk3HTB4ko=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBapp5IUQY9FLx4r2FZoQ9lsJ+3SzSbsbsQS+iO8eFDEq7/Hm //GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqIaAaBZfYMtwIfEgU0igQ2AnGNzO/84hK81jem0mCfkSHkoecUWOlTu+JV6v9er9ccWvuHGSVeDmpQI5mv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+7pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFc TEZPY7GXCFzIiJJZQpbm8lbEQVZcYmVLIheMsvr5J2vea5Ne/uotK4zuMowgmcwjl4cAkNuIUmtIDBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx9HwY7c</latexit><latexit sha1_base64="FmanqAEcqDEPRReQz7jk3HTB4ko=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBapp5IUQY9FLx4r2FZoQ9lsJ+3SzSbsbsQS+iO8eFDEq7/Hm //GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqIaAaBZfYMtwIfEgU0igQ2AnGNzO/84hK81jem0mCfkSHkoecUWOlTu+JV6v9er9ccWvuHGSVeDmpQI5mv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+7pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFc TEZPY7GXCFzIiJJZQpbm8lbEQVZcYmVLIheMsvr5J2vea5Ne/uotK4zuMowgmcwjl4cAkNuIUmtIDBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx9HwY7c</latexit>
⇠0001
<latexit sha1_base64="oE5eMl899k9i5CmPXdMt+4rQP0M=">AAAB73icbVBNS8NAEJ34WetX1aOXxSL1VBIR9Fj04rGC/YA2lM120i7dbOLuRiyhf 8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGiu1u0+8Uqn0vF6p7FbdGcgy8XJShhz1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns3gk5tUqfhLGyJQ2Zqb8nMhppPY4 C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfR50ucKmRFjSyhT3N5K2JAqyoyNqGhD8BZfXibN86rnVr27i3LtOo+jAMdwAmfgwSXU4Bbq0AAGAp7hFd6cB+fFeXc+5q0rTj5zBH/gfP4AqCKPDA==</latexit><latexit sha1_base64="oE5eMl899k9i5CmPXdMt+4rQP0M=">AAAB73icbVBNS8NAEJ34WetX1aOXxSL1VBIR9Fj04rGC/YA2lM120i7dbOLuRiyhf 8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGiu1u0+8Uqn0vF6p7FbdGcgy8XJShhz1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns3gk5tUqfhLGyJQ2Zqb8nMhppPY4 C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfR50ucKmRFjSyhT3N5K2JAqyoyNqGhD8BZfXibN86rnVr27i3LtOo+jAMdwAmfgwSXU4Bbq0AAGAp7hFd6cB+fFeXc+5q0rTj5zBH/gfP4AqCKPDA==</latexit><latexit sha1_base64="oE5eMl899k9i5CmPXdMt+4rQP0M=">AAAB73icbVBNS8NAEJ34WetX1aOXxSL1VBIR9Fj04rGC/YA2lM120i7dbOLuRiyhf 8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGiu1u0+8Uqn0vF6p7FbdGcgy8XJShhz1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns3gk5tUqfhLGyJQ2Zqb8nMhppPY4 C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfR50ucKmRFjSyhT3N5K2JAqyoyNqGhD8BZfXibN86rnVr27i3LtOo+jAMdwAmfgwSXU4Bbq0AAGAp7hFd6cB+fFeXc+5q0rTj5zBH/gfP4AqCKPDA==</latexit><latexit sha1_base64="oE5eMl899k9i5CmPXdMt+4rQP0M=">AAAB73icbVBNS8NAEJ34WetX1aOXxSL1VBIR9Fj04rGC/YA2lM120i7dbOLuRiyhf 8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGiu1u0+8Uqn0vF6p7FbdGcgy8XJShhz1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns3gk5tUqfhLGyJQ2Zqb8nMhppPY4 C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfR50ucKmRFjSyhT3N5K2JAqyoyNqGhD8BZfXibN86rnVr27i3LtOo+jAMdwAmfgwSXU4Bbq0AAGAp7hFd6cB+fFeXc+5q0rTj5zBH/gfP4AqCKPDA==</latexit>
⇠0002
<latexit sha1_base64="kHA3Gz6az0euJ4YVeis/rM6K1g8=">AAAB73icbVDLTgJBEOzFF+IL9ehlIjF4IrvERI9ELx4xkUcCGzI79MKE2dl1ZtZIC D/hxYPGePV3vPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJb3ZpygH9GB5CFn1Fip3X3i5XK5V+0VS27FnYOsEi8jJchQ7xW/uv2YpRFKwwTVuuO5ifEnVBnOBE4L3VRjQtmIDrBjqaQRan8yv3dKzqzSJ2GsbElD5urviQmNtB5 Hge2MqBnqZW8m/ud1UhNe+RMuk9SgZItFYSqIicnsedLnCpkRY0soU9zeStiQKsqMjahgQ/CWX14lzWrFcyve3UWpdp3FkYcTOIVz8OASanALdWgAAwHP8ApvzoPz4rw7H4vWnJPNHMMfOJ8/qaaPDQ==</latexit><latexit sha1_base64="kHA3Gz6az0euJ4YVeis/rM6K1g8=">AAAB73icbVDLTgJBEOzFF+IL9ehlIjF4IrvERI9ELx4xkUcCGzI79MKE2dl1ZtZIC D/hxYPGePV3vPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJb3ZpygH9GB5CFn1Fip3X3i5XK5V+0VS27FnYOsEi8jJchQ7xW/uv2YpRFKwwTVuuO5ifEnVBnOBE4L3VRjQtmIDrBjqaQRan8yv3dKzqzSJ2GsbElD5urviQmNtB5 Hge2MqBnqZW8m/ud1UhNe+RMuk9SgZItFYSqIicnsedLnCpkRY0soU9zeStiQKsqMjahgQ/CWX14lzWrFcyve3UWpdp3FkYcTOIVz8OASanALdWgAAwHP8ApvzoPz4rw7H4vWnJPNHMMfOJ8/qaaPDQ==</latexit><latexit sha1_base64="kHA3Gz6az0euJ4YVeis/rM6K1g8=">AAAB73icbVDLTgJBEOzFF+IL9ehlIjF4IrvERI9ELx4xkUcCGzI79MKE2dl1ZtZIC D/hxYPGePV3vPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJb3ZpygH9GB5CFn1Fip3X3i5XK5V+0VS27FnYOsEi8jJchQ7xW/uv2YpRFKwwTVuuO5ifEnVBnOBE4L3VRjQtmIDrBjqaQRan8yv3dKzqzSJ2GsbElD5urviQmNtB5 Hge2MqBnqZW8m/ud1UhNe+RMuk9SgZItFYSqIicnsedLnCpkRY0soU9zeStiQKsqMjahgQ/CWX14lzWrFcyve3UWpdp3FkYcTOIVz8OASanALdWgAAwHP8ApvzoPz4rw7H4vWnJPNHMMfOJ8/qaaPDQ==</latexit><latexit sha1_base64="kHA3Gz6az0euJ4YVeis/rM6K1g8=">AAAB73icbVDLTgJBEOzFF+IL9ehlIjF4IrvERI9ELx4xkUcCGzI79MKE2dl1ZtZIC D/hxYPGePV3vPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJb3ZpygH9GB5CFn1Fip3X3i5XK5V+0VS27FnYOsEi8jJchQ7xW/uv2YpRFKwwTVuuO5ifEnVBnOBE4L3VRjQtmIDrBjqaQRan8yv3dKzqzSJ2GsbElD5urviQmNtB5 Hge2MqBnqZW8m/ud1UhNe+RMuk9SgZItFYSqIicnsedLnCpkRY0soU9zeStiQKsqMjahgQ/CWX14lzWrFcyve3UWpdp3FkYcTOIVz8OASanALdWgAAwHP8ApvzoPz4rw7H4vWnJPNHMMfOJ8/qaaPDQ==</latexit>
⇠0001
<latexit sha1_base64="oE5eMl899k9i5CmPXdMt+4rQP0M=">AAAB73icbVBNS8NAEJ34WetX1aOXxSL1VBIR9Fj04rGC/YA2lM120i7dbOLuRiyhf 8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGiu1u0+8Uqn0vF6p7FbdGcgy8XJShhz1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns3gk5tUqfhLGyJQ2Zqb8nMhppPY4 C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfR50ucKmRFjSyhT3N5K2JAqyoyNqGhD8BZfXibN86rnVr27i3LtOo+jAMdwAmfgwSXU4Bbq0AAGAp7hFd6cB+fFeXc+5q0rTj5zBH/gfP4AqCKPDA==</latexit><latexit sha1_base64="oE5eMl899k9i5CmPXdMt+4rQP0M=">AAAB73icbVBNS8NAEJ34WetX1aOXxSL1VBIR9Fj04rGC/YA2lM120i7dbOLuRiyhf 8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGiu1u0+8Uqn0vF6p7FbdGcgy8XJShhz1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns3gk5tUqfhLGyJQ2Zqb8nMhppPY4 C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfR50ucKmRFjSyhT3N5K2JAqyoyNqGhD8BZfXibN86rnVr27i3LtOo+jAMdwAmfgwSXU4Bbq0AAGAp7hFd6cB+fFeXc+5q0rTj5zBH/gfP4AqCKPDA==</latexit><latexit sha1_base64="oE5eMl899k9i5CmPXdMt+4rQP0M=">AAAB73icbVBNS8NAEJ34WetX1aOXxSL1VBIR9Fj04rGC/YA2lM120i7dbOLuRiyhf 8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGiu1u0+8Uqn0vF6p7FbdGcgy8XJShhz1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns3gk5tUqfhLGyJQ2Zqb8nMhppPY4 C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfR50ucKmRFjSyhT3N5K2JAqyoyNqGhD8BZfXibN86rnVr27i3LtOo+jAMdwAmfgwSXU4Bbq0AAGAp7hFd6cB+fFeXc+5q0rTj5zBH/gfP4AqCKPDA==</latexit><latexit sha1_base64="oE5eMl899k9i5CmPXdMt+4rQP0M=">AAAB73icbVBNS8NAEJ34WetX1aOXxSL1VBIR9Fj04rGC/YA2lM120i7dbOLuRiyhf 8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGiu1u0+8Uqn0vF6p7FbdGcgy8XJShhz1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns3gk5tUqfhLGyJQ2Zqb8nMhppPY4 C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfR50ucKmRFjSyhT3N5K2JAqyoyNqGhD8BZfXibN86rnVr27i3LtOo+jAMdwAmfgwSXU4Bbq0AAGAp7hFd6cB+fFeXc+5q0rTj5zBH/gfP4AqCKPDA==</latexit>
X<latexit sha1_base64="lF/jmUAuDzRzq6 sLugXrAxB1reg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbTb t0swm7E6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+o Hh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecZpwP6IjJULBKFrpoV sZVGtu3Z2DrBKvIDUo0BxUv/rDmKURV8gkNabnuQn6GdUomOSzSj81PKFsQke8Z6miETd+ Nr90Rs6sMiRhrG0pJHP190RGI2OmUWA7I4pjs+zl4n9eL8Xw2s+ESlLkii0WhakkGJP8bT IUmjOUU0so08LeStiYasrQhpOH4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMQ niGV3hzJs6L8+58LFpLTjFzDH/gfP4A6h2M8A==</latexit><latexit sha1_base64="lF/jmUAuDzRzq6 sLugXrAxB1reg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbTb t0swm7E6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+o Hh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecZpwP6IjJULBKFrpoV sZVGtu3Z2DrBKvIDUo0BxUv/rDmKURV8gkNabnuQn6GdUomOSzSj81PKFsQke8Z6miETd+ Nr90Rs6sMiRhrG0pJHP190RGI2OmUWA7I4pjs+zl4n9eL8Xw2s+ESlLkii0WhakkGJP8bT IUmjOUU0so08LeStiYasrQhpOH4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMQ niGV3hzJs6L8+58LFpLTjFzDH/gfP4A6h2M8A==</latexit><latexit sha1_base64="lF/jmUAuDzRzq6 sLugXrAxB1reg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbTb t0swm7E6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+o Hh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecZpwP6IjJULBKFrpoV sZVGtu3Z2DrBKvIDUo0BxUv/rDmKURV8gkNabnuQn6GdUomOSzSj81PKFsQke8Z6miETd+ Nr90Rs6sMiRhrG0pJHP190RGI2OmUWA7I4pjs+zl4n9eL8Xw2s+ESlLkii0WhakkGJP8bT IUmjOUU0so08LeStiYasrQhpOH4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMQ niGV3hzJs6L8+58LFpLTjFzDH/gfP4A6h2M8A==</latexit><latexit sha1_base64="lF/jmUAuDzRzq6 sLugXrAxB1reg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbTb t0swm7E6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+o Hh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecZpwP6IjJULBKFrpoV sZVGtu3Z2DrBKvIDUo0BxUv/rDmKURV8gkNabnuQn6GdUomOSzSj81PKFsQke8Z6miETd+ Nr90Rs6sMiRhrG0pJHP190RGI2OmUWA7I4pjs+zl4n9eL8Xw2s+ESlLkii0WhakkGJP8bT IUmjOUU0so08LeStiYasrQhpOH4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMQ niGV3hzJs6L8+58LFpLTjFzDH/gfP4A6h2M8A==</latexit>
Z<latexit sha1_base64="I8M2wPNuJJW Hs+Gjz3mk43aQIC0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cqthb bUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6R nmzsrW9s7tX3T9o6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBD8H4OvcfnlBpHst7M0n Qj+hQ8pAzaqx091jpV2tu3Z2BLBOvIDUo0OxXv3qDmKURSsME1brruYnxM6oMZwKnl V6qMaFsTIfYtVTSCLWfzS6dkhOrDEgYK1vSkJn6eyKjkdaTKLCdETUjvejl4n9eNzX hpZ9xmaQGJZsvClNBTEzyt8mAK2RGTCyhTHF7K2EjqigzNpw8BG/x5WXSPqt7bt27P a81roo4ynAEx3AKHlxAA26gCS1gEMIzvMKbM3ZenHfnY95acoqZQ/gD5/MH7SeM8g= =</latexit><latexit sha1_base64="I8M2wPNuJJW Hs+Gjz3mk43aQIC0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cqthb bUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6R nmzsrW9s7tX3T9o6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBD8H4OvcfnlBpHst7M0n Qj+hQ8pAzaqx091jpV2tu3Z2BLBOvIDUo0OxXv3qDmKURSsME1brruYnxM6oMZwKnl V6qMaFsTIfYtVTSCLWfzS6dkhOrDEgYK1vSkJn6eyKjkdaTKLCdETUjvejl4n9eNzX hpZ9xmaQGJZsvClNBTEzyt8mAK2RGTCyhTHF7K2EjqigzNpw8BG/x5WXSPqt7bt27P a81roo4ynAEx3AKHlxAA26gCS1gEMIzvMKbM3ZenHfnY95acoqZQ/gD5/MH7SeM8g= =</latexit><latexit sha1_base64="I8M2wPNuJJW Hs+Gjz3mk43aQIC0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cqthb bUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6R nmzsrW9s7tX3T9o6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBD8H4OvcfnlBpHst7M0n Qj+hQ8pAzaqx091jpV2tu3Z2BLBOvIDUo0OxXv3qDmKURSsME1brruYnxM6oMZwKnl V6qMaFsTIfYtVTSCLWfzS6dkhOrDEgYK1vSkJn6eyKjkdaTKLCdETUjvejl4n9eNzX hpZ9xmaQGJZsvClNBTEzyt8mAK2RGTCyhTHF7K2EjqigzNpw8BG/x5WXSPqt7bt27P a81roo4ynAEx3AKHlxAA26gCS1gEMIzvMKbM3ZenHfnY95acoqZQ/gD5/MH7SeM8g= =</latexit><latexit sha1_base64="I8M2wPNuJJW Hs+Gjz3mk43aQIC0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cqthb bUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6R nmzsrW9s7tX3T9o6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBD8H4OvcfnlBpHst7M0n Qj+hQ8pAzaqx091jpV2tu3Z2BLBOvIDUo0OxXv3qDmKURSsME1brruYnxM6oMZwKnl V6qMaFsTIfYtVTSCLWfzS6dkhOrDEgYK1vSkJn6eyKjkdaTKLCdETUjvejl4n9eNzX hpZ9xmaQGJZsvClNBTEzyt8mAK2RGTCyhTHF7K2EjqigzNpw8BG/x5WXSPqt7bt27P a81roo4ynAEx3AKHlxAA26gCS1gEMIzvMKbM3ZenHfnY95acoqZQ/gD5/MH7SeM8g= =</latexit>
Y<latexit sha1_base64="njx+U17STRiMWqqa5S Md+uyog7I=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cqtlbaUDbbSbt0swm7G6GE/gM vHhTx6j/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrHqBFSj4B JbhhuBnUQhjQKBD8H4OvcfnlBpHst7M0nQj+hQ8pAzaqx091jpV2tu3Z2BLBOvIDUo0OxXv3qDmKURS sME1brruYnxM6oMZwKnlV6qMaFsTIfYtVTSCLWfzS6dkhOrDEgYK1vSkJn6eyKjkdaTKLCdETUjvejl 4n9eNzXhpZ9xmaQGJZsvClNBTEzyt8mAK2RGTCyhTHF7K2EjqigzNpw8BG/x5WXSPqt7bt27Pa81roo 4ynAEx3AKHlxAA26gCS1gEMIzvMKbM3ZenHfnY95acoqZQ/gD5/MH66KM8Q==</latexit><latexit sha1_base64="njx+U17STRiMWqqa5S Md+uyog7I=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cqtlbaUDbbSbt0swm7G6GE/gM vHhTx6j/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrHqBFSj4B JbhhuBnUQhjQKBD8H4OvcfnlBpHst7M0nQj+hQ8pAzaqx091jpV2tu3Z2BLBOvIDUo0OxXv3qDmKURS sME1brruYnxM6oMZwKnlV6qMaFsTIfYtVTSCLWfzS6dkhOrDEgYK1vSkJn6eyKjkdaTKLCdETUjvejl 4n9eNzXhpZ9xmaQGJZsvClNBTEzyt8mAK2RGTCyhTHF7K2EjqigzNpw8BG/x5WXSPqt7bt27Pa81roo 4ynAEx3AKHlxAA26gCS1gEMIzvMKbM3ZenHfnY95acoqZQ/gD5/MH66KM8Q==</latexit><latexit sha1_base64="njx+U17STRiMWqqa5S Md+uyog7I=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cqtlbaUDbbSbt0swm7G6GE/gM vHhTx6j/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrHqBFSj4B JbhhuBnUQhjQKBD8H4OvcfnlBpHst7M0nQj+hQ8pAzaqx091jpV2tu3Z2BLBOvIDUo0OxXv3qDmKURS sME1brruYnxM6oMZwKnlV6qMaFsTIfYtVTSCLWfzS6dkhOrDEgYK1vSkJn6eyKjkdaTKLCdETUjvejl 4n9eNzXhpZ9xmaQGJZsvClNBTEzyt8mAK2RGTCyhTHF7K2EjqigzNpw8BG/x5WXSPqt7bt27Pa81roo 4ynAEx3AKHlxAA26gCS1gEMIzvMKbM3ZenHfnY95acoqZQ/gD5/MH66KM8Q==</latexit><latexit sha1_base64="njx+U17STRiMWqqa5S Md+uyog7I=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cqtlbaUDbbSbt0swm7G6GE/gM vHhTx6j/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrHqBFSj4B JbhhuBnUQhjQKBD8H4OvcfnlBpHst7M0nQj+hQ8pAzaqx091jpV2tu3Z2BLBOvIDUo0OxXv3qDmKURS sME1brruYnxM6oMZwKnlV6qMaFsTIfYtVTSCLWfzS6dkhOrDEgYK1vSkJn6eyKjkdaTKLCdETUjvejl 4n9eNzXhpZ9xmaQGJZsvClNBTEzyt8mAK2RGTCyhTHF7K2EjqigzNpw8BG/x5WXSPqt7bt27Pa81roo 4ynAEx3AKHlxAA26gCS1gEMIzvMKbM3ZenHfnY95acoqZQ/gD5/MH66KM8Q==</latexit>
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Z 0<latexit sha1_base64="/KFUIEB7cfg2Qq1J5L/6Q9fK6hE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8eK9gPbUDbbabt0swm7G6GE/gQvHhTx6i/y5r9x0+agrQ8G Hu/NMDMviAXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8k/mtJ1SaR/LBTGL0QzqUfMAZNVa6fzwt9coVt+rOQJaJl5MK5Kj3yl/dfsSSEKVhgmrd8dzY+ClVhjOB01I30RhTNqZD7FgqaYjaT2enTsmJVfpkEClb0pCZ+nsipaHWkzCwnSE1I73oZeJ/Xicxgys/5TJODEo2XzRIBDERyf4mfa6QGTGxhDLF7a2EjaiizNh0shC8xZe XSfO86rlV7+6iUrvO4yjCERzDGXhwCTW4hTo0gMEQnuEV3hzhvDjvzse8teDkM4fwB87nD025jSM=</latexit><latexit sha1_base64="/KFUIEB7cfg2Qq1J5L/6Q9fK6hE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8eK9gPbUDbbabt0swm7G6GE/gQvHhTx6i/y5r9x0+agrQ8G Hu/NMDMviAXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8k/mtJ1SaR/LBTGL0QzqUfMAZNVa6fzwt9coVt+rOQJaJl5MK5Kj3yl/dfsSSEKVhgmrd8dzY+ClVhjOB01I30RhTNqZD7FgqaYjaT2enTsmJVfpkEClb0pCZ+nsipaHWkzCwnSE1I73oZeJ/Xicxgys/5TJODEo2XzRIBDERyf4mfa6QGTGxhDLF7a2EjaiizNh0shC8xZe XSfO86rlV7+6iUrvO4yjCERzDGXhwCTW4hTo0gMEQnuEV3hzhvDjvzse8teDkM4fwB87nD025jSM=</latexit><latexit sha1_base64="/KFUIEB7cfg2Qq1J5L/6Q9fK6hE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8eK9gPbUDbbabt0swm7G6GE/gQvHhTx6i/y5r9x0+agrQ8G Hu/NMDMviAXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8k/mtJ1SaR/LBTGL0QzqUfMAZNVa6fzwt9coVt+rOQJaJl5MK5Kj3yl/dfsSSEKVhgmrd8dzY+ClVhjOB01I30RhTNqZD7FgqaYjaT2enTsmJVfpkEClb0pCZ+nsipaHWkzCwnSE1I73oZeJ/Xicxgys/5TJODEo2XzRIBDERyf4mfa6QGTGxhDLF7a2EjaiizNh0shC8xZe XSfO86rlV7+6iUrvO4yjCERzDGXhwCTW4hTo0gMEQnuEV3hzhvDjvzse8teDkM4fwB87nD025jSM=</latexit><latexit sha1_base64="/KFUIEB7cfg2Qq1J5L/6Q9fK6hE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8eK9gPbUDbbabt0swm7G6GE/gQvHhTx6i/y5r9x0+agrQ8G Hu/NMDMviAXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8k/mtJ1SaR/LBTGL0QzqUfMAZNVa6fzwt9coVt+rOQJaJl5MK5Kj3yl/dfsSSEKVhgmrd8dzY+ClVhjOB01I30RhTNqZD7FgqaYjaT2enTsmJVfpkEClb0pCZ+nsipaHWkzCwnSE1I73oZeJ/Xicxgys/5TJODEo2XzRIBDERyf4mfa6QGTGxhDLF7a2EjaiizNh0shC8xZe XSfO86rlV7+6iUrvO4yjCERzDGXhwCTW4hTo0gMEQnuEV3hzhvDjvzse8teDkM4fwB87nD025jSM=</latexit> Z 00<latexit sha1_base64="AirowcjoFjlMx6A242VK+M+H9uo=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSL1VBIR9Fj04rGi/cA2lM120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMw LEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rFS6ZXKbtWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrnVc+tencX5dp1HkcBj uEEzsCDS6jBLdShAQwG8Ayv8OZI58V5dz7mrStOPnMEf+B8/gB5rY1A</latexit><latexit sha1_base64="AirowcjoFjlMx6A242VK+M+H9uo=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSL1VBIR9Fj04rGi/cA2lM120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMw LEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rFS6ZXKbtWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrnVc+tencX5dp1HkcBj uEEzsCDS6jBLdShAQwG8Ayv8OZI58V5dz7mrStOPnMEf+B8/gB5rY1A</latexit><latexit sha1_base64="AirowcjoFjlMx6A242VK+M+H9uo=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSL1VBIR9Fj04rGi/cA2lM120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMw LEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rFS6ZXKbtWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrnVc+tencX5dp1HkcBj uEEzsCDS6jBLdShAQwG8Ayv8OZI58V5dz7mrStOPnMEf+B8/gB5rY1A</latexit><latexit sha1_base64="AirowcjoFjlMx6A242VK+M+H9uo=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSL1VBIR9Fj04rGi/cA2lM120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMw LEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rFS6ZXKbtWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrnVc+tencX5dp1HkcBj uEEzsCDS6jBLdShAQwG8Ayv8OZI58V5dz7mrStOPnMEf+B8/gB5rY1A</latexit>
Z 000<latexit sha1_base64="psIJBdAmWvh8XMB3B3QwFF7lWZY=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBapp5KIoMeiF48V7Ae2oWy2m3bp7ibsboQS+he8eFDEq3/Im//GTZqDtj4YeLw3w8y8IOZMG 9f9dkpr6xubW+Xtys7u3v5B9fCoo6NEEdomEY9UL8CaciZp2zDDaS9WFIuA024wvc387hNVmkXywcxi6gs8lixkBJtMeqzX68NqzW24OdAq8QpSgwKtYfVrMIpIIqg0hGOt+54bGz/FyjDC6bwySDSNMZniMe1bKrGg2k/zW+fozCojFEbKljQoV39PpFhoPROB7RTYTPSyl4n/ef3EhNd+ymScGCrJYlGYcGQilD2ORkxRYvjMEkwUs7ciMsEKE2PjqdgQvOWXV0nnouG5De/+sta8KeIowwmcwjl4cAVNuIMWtIH ABJ7hFd4c4bw4787HorXkFDPH8AfO5w/aWY1x</latexit><latexit sha1_base64="psIJBdAmWvh8XMB3B3QwFF7lWZY=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBapp5KIoMeiF48V7Ae2oWy2m3bp7ibsboQS+he8eFDEq3/Im//GTZqDtj4YeLw3w8y8IOZMG 9f9dkpr6xubW+Xtys7u3v5B9fCoo6NEEdomEY9UL8CaciZp2zDDaS9WFIuA024wvc387hNVmkXywcxi6gs8lixkBJtMeqzX68NqzW24OdAq8QpSgwKtYfVrMIpIIqg0hGOt+54bGz/FyjDC6bwySDSNMZniMe1bKrGg2k/zW+fozCojFEbKljQoV39PpFhoPROB7RTYTPSyl4n/ef3EhNd+ymScGCrJYlGYcGQilD2ORkxRYvjMEkwUs7ciMsEKE2PjqdgQvOWXV0nnouG5De/+sta8KeIowwmcwjl4cAVNuIMWtIH ABJ7hFd4c4bw4787HorXkFDPH8AfO5w/aWY1x</latexit><latexit sha1_base64="psIJBdAmWvh8XMB3B3QwFF7lWZY=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBapp5KIoMeiF48V7Ae2oWy2m3bp7ibsboQS+he8eFDEq3/Im//GTZqDtj4YeLw3w8y8IOZMG 9f9dkpr6xubW+Xtys7u3v5B9fCoo6NEEdomEY9UL8CaciZp2zDDaS9WFIuA024wvc387hNVmkXywcxi6gs8lixkBJtMeqzX68NqzW24OdAq8QpSgwKtYfVrMIpIIqg0hGOt+54bGz/FyjDC6bwySDSNMZniMe1bKrGg2k/zW+fozCojFEbKljQoV39PpFhoPROB7RTYTPSyl4n/ef3EhNd+ymScGCrJYlGYcGQilD2ORkxRYvjMEkwUs7ciMsEKE2PjqdgQvOWXV0nnouG5De/+sta8KeIowwmcwjl4cAVNuIMWtIH ABJ7hFd4c4bw4787HorXkFDPH8AfO5w/aWY1x</latexit><latexit sha1_base64="psIJBdAmWvh8XMB3B3QwFF7lWZY=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBapp5KIoMeiF48V7Ae2oWy2m3bp7ibsboQS+he8eFDEq3/Im//GTZqDtj4YeLw3w8y8IOZMG 9f9dkpr6xubW+Xtys7u3v5B9fCoo6NEEdomEY9UL8CaciZp2zDDaS9WFIuA024wvc387hNVmkXywcxi6gs8lixkBJtMeqzX68NqzW24OdAq8QpSgwKtYfVrMIpIIqg0hGOt+54bGz/FyjDC6bwySDSNMZniMe1bKrGg2k/zW+fozCojFEbKljQoV39PpFhoPROB7RTYTPSyl4n/ef3EhNd+ymScGCrJYlGYcGQilD2ORkxRYvjMEkwUs7ciMsEKE2PjqdgQvOWXV0nnouG5De/+sta8KeIowwmcwjl4cAVNuIMWtIH ABJ7hFd4c4bw4787HorXkFDPH8AfO5w/aWY1x</latexit>
X 00<latexit sha1_base64="qTi8JZXP+/QZB5KBy5m4PYwgVzY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBapp5KIoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8M PN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00KlW++WKW3PnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW35 5lbQuap5b8+4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gB2oY0+</latexit><latexit sha1_base64="qTi8JZXP+/QZB5KBy5m4PYwgVzY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBapp5KIoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8M PN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00KlW++WKW3PnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW35 5lbQuap5b8+4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gB2oY0+</latexit><latexit sha1_base64="qTi8JZXP+/QZB5KBy5m4PYwgVzY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBapp5KIoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8M PN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00KlW++WKW3PnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW35 5lbQuap5b8+4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gB2oY0+</latexit><latexit sha1_base64="qTi8JZXP+/QZB5KBy5m4PYwgVzY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBapp5KIoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8M PN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00KlW++WKW3PnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW35 5lbQuap5b8+4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gB2oY0+</latexit> X 000<latexit sha1_base64="ddVE/8NE5mVBwtNQfUnH2wAJWGI=">AAAB63icbVBNSwMxEJ34WetX1aOXYJF6Krsi6LHoxWMF+wHtUrJptg1NskuSFcrSv+DFgyJe/UPe/Ddm2z1o64OB x3szzMwLE8GN9bxvtLa+sbm1Xdop7+7tHxxWjo7bJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64STu9zvPDFteKwe7TRhgSQjxSNOic2lbq1WG1SqXt2bA68SvyBVKNAcVL76w5imkilLBTGm53uJDTKiLaeCzcr91LCE0AkZsZ6jikhmgmx+6wyfO2WIo1i7UhbP1d8TGZHGTGXoOiWxY7Ps5eJ/Xi+10U2QcZWklim6WBSlAtsY54/jIdeMWjF1hFDN3a2Yjokm1Lp4yi4Ef/n lVdK+rPte3X+4qjZuizhKcApncAE+XEMD7qEJLaAwhmd4hTck0Qt6Rx+L1jVUzJzAH6DPH9dLjW8=</latexit><latexit sha1_base64="ddVE/8NE5mVBwtNQfUnH2wAJWGI=">AAAB63icbVBNSwMxEJ34WetX1aOXYJF6Krsi6LHoxWMF+wHtUrJptg1NskuSFcrSv+DFgyJe/UPe/Ddm2z1o64OB x3szzMwLE8GN9bxvtLa+sbm1Xdop7+7tHxxWjo7bJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64STu9zvPDFteKwe7TRhgSQjxSNOic2lbq1WG1SqXt2bA68SvyBVKNAcVL76w5imkilLBTGm53uJDTKiLaeCzcr91LCE0AkZsZ6jikhmgmx+6wyfO2WIo1i7UhbP1d8TGZHGTGXoOiWxY7Ps5eJ/Xi+10U2QcZWklim6WBSlAtsY54/jIdeMWjF1hFDN3a2Yjokm1Lp4yi4Ef/n lVdK+rPte3X+4qjZuizhKcApncAE+XEMD7qEJLaAwhmd4hTck0Qt6Rx+L1jVUzJzAH6DPH9dLjW8=</latexit><latexit sha1_base64="ddVE/8NE5mVBwtNQfUnH2wAJWGI=">AAAB63icbVBNSwMxEJ34WetX1aOXYJF6Krsi6LHoxWMF+wHtUrJptg1NskuSFcrSv+DFgyJe/UPe/Ddm2z1o64OB x3szzMwLE8GN9bxvtLa+sbm1Xdop7+7tHxxWjo7bJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64STu9zvPDFteKwe7TRhgSQjxSNOic2lbq1WG1SqXt2bA68SvyBVKNAcVL76w5imkilLBTGm53uJDTKiLaeCzcr91LCE0AkZsZ6jikhmgmx+6wyfO2WIo1i7UhbP1d8TGZHGTGXoOiWxY7Ps5eJ/Xi+10U2QcZWklim6WBSlAtsY54/jIdeMWjF1hFDN3a2Yjokm1Lp4yi4Ef/n lVdK+rPte3X+4qjZuizhKcApncAE+XEMD7qEJLaAwhmd4hTck0Qt6Rx+L1jVUzJzAH6DPH9dLjW8=</latexit><latexit sha1_base64="ddVE/8NE5mVBwtNQfUnH2wAJWGI=">AAAB63icbVBNSwMxEJ34WetX1aOXYJF6Krsi6LHoxWMF+wHtUrJptg1NskuSFcrSv+DFgyJe/UPe/Ddm2z1o64OB x3szzMwLE8GN9bxvtLa+sbm1Xdop7+7tHxxWjo7bJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64STu9zvPDFteKwe7TRhgSQjxSNOic2lbq1WG1SqXt2bA68SvyBVKNAcVL76w5imkilLBTGm53uJDTKiLaeCzcr91LCE0AkZsZ6jikhmgmx+6wyfO2WIo1i7UhbP1d8TGZHGTGXoOiWxY7Ps5eJ/Xi+10U2QcZWklim6WBSlAtsY54/jIdeMWjF1hFDN3a2Yjokm1Lp4yi4Ef/n lVdK+rPte3X+4qjZuizhKcApncAE+XEMD7qEJLaAwhmd4hTck0Qt6Rx+L1jVUzJzAH6DPH9dLjW8=</latexit>
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Step 1 Step 2 Step 3 Step 4
Figure 9. The action of R(1,1) on a dotted triangulation of type (1, 1).
Since we already know the expression for L and R for all the possible spin structures,
we can derive expression for S in (4.5):
S(1,1) :

X
Y
Z
ξ1
ξ2
→

(1 + Z−1 + ξ1ξ2
√
Z−1)−2Y
(1 + Z + ξ1ξ2
√
Z)2X
Z−1
(1 + Z)−1/2(−ξ1 + ξ2
√
Z)
(1 + Z)−1/2(−ξ1
√
Z − ξ2)
 . (4.12)
We can now verify the mapping class group relations satisfied by the S and T generators.
We find
(S(1,1))
2 : (X,Y, Z, ξ1, ξ2)→ (X,Y, Z,−ξ2, ξ1) , (4.13)
and hence (S(1,1))4 is given by
(S(1,1))
4 : (X,Y, Z, ξ1, ξ2)→ (X,Y, Z,−ξ1,−ξ2) . (4.14)
Similarly, we can verify that
(S(1,1)T(1,1))
3 : (X,Y, Z, ξ1, ξ2)→ (X,Y, Z,−ξ2, ξ1) , (4.15)
and
(S(1,1)T(1,1))
6 : (X,Y, Z, ξ1, ξ2)→ (X,Y, Z,−ξ1,−ξ2) . (4.16)
In the group SL(2,Z) one has the relation S4 = (ST )6 = 1, however (4.14) and (4.16)
shows that these elements are represented non-trivially by an operation of order 2 acting
only on odd variables. This suggests that the actual mapping class group relevant for our
problem is the double cover of SL(2,Z), namely the metaplectic group Mp(2,Z).
The appearance of the metaplectic group can be understood as follows (cf. [48]). Let
us choose a flat complex coordinate of the 2-dimensional torus z, with the identification
z ∼ z +m+ nτ for integers m,n and the torus modulus τ . Now, the fermions takes values
in the spinor bundle, and hence transforms as the square root of the one-form
√
dz:
√
dz →
±√dz/√cz + d, with an extra sign ambiguity. This sign gives precisely the definition of
the metaplectic group, which is a double cover of the SL(2,Z) group.
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4.3 Mapping Class Group: Even Spin Structure
Let us next discuss even spin structures. Instead of repeating the manipulations as in Figs. 8
and 9, we proceed as follows.
Recall that the choice of the spin structure is needed to resolve the sign ambiguity in
the choice of the odd variables ξ1, ξ2, and hence these are the only ambiguities involved
when changing the spin structure. We can represent these ambiguities by sign flips
ρ1 : (ξ1, ξ2)→ (−ξ1, ξ2) ,
ρ2 : (ξ1, ξ2)→ (ξ1,−ξ2) ,
ρ12 : (ξ1, ξ2)→ (−ξ1,−ξ2) ,
(4.17)
with all the even variables X,Y, Z unchanged. We can use one of these operators before
and/or after to the maps L(1,1) and R(1,1) derived previously. Moreover, these signs should
still be consistent with the mapping class group relations.
It is not difficult to identify the sign rules which automatically satisfy the mapping
class group relations:
L(1,0) = ρ
−1
12 L(1,1)ρ2 , L(0,1) = ρ
−1
1 L(1,1)ρ1 , L(0,0) = ρ
−1
2 L(1,1)ρ12 ,
R(1,0) = ρ
−1
2 R(1,1)ρ2 , R(0,1) = ρ
−1
12 R(1,1)ρ1 , R(0,0) = ρ
−1
1 R(1,1)ρ12 ,
(4.18)
(1, 1)(0, 1)
(1, 0)(0, 0)
L(1,1)
R(1,1)
L(0,1)
R(1,0)
L(1,0)
L(0,0)
R(0,1)R(0,0)
(1, 1)(0, 1)
(1, 0)(0, 0)
T(1,1)
S(1,1)
T(0,1)
S(0,0)
T(1,0)
T(0,0)
S(1,0)
S(0,1)
Figure 10. Orbits of spin structures under the mapping class group transformations L,R and S, T .
Here the notation L(1,0) represents the L action on the super Teichmüller space with (1, 0) spin
structure.
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More explicitly,
L(1,0) :

X
Y
Z
ξ1
ξ2
→

Z(1 +X−1 − ξ1ξ2
√
X−1)−2
Y (1 +X − ξ1ξ2
√
X)2
X−1
(1 +X)−1/2(−ξ1 − ξ2
√
X)
(1 +X)−1/2(−ξ1
√
X + ξ2)
 ,
L(0,1) :

X
Y
Z
ξ1
ξ2
→

Z(1 +X−1 − ξ1ξ2
√
X−1)−2
Y (1 +X − ξ1ξ2
√
X)2
X−1
(1 +X)−1/2(ξ1 + ξ2
√
X)
(1 +X)−1/2(−ξ1
√
X + ξ2)
 ,
L(0,0) :

X
Y
Z
ξ1
ξ2
→

Z(1 +X−1 + ξ1ξ2
√
X−1)−2
Y (1 +X + ξ1ξ2
√
X)2
X−1
(1 +X)−1/2(−ξ1 + ξ2
√
X)
(1 +X)−1/2(ξ1
√
X + ξ2)
 ,
(4.19)
and
R(1,0) :

X
Y
Z
ξ1
ξ2
→

X(1 + Y −1 − ξ1ξ2
√
Y −1)−2
Z(1 + Y − ξ1ξ2
√
Y )−2
Y −1
(1 + Y )−1/2(+ξ1
√
Y − ξ2)
(1 + Y )−1/2(+ξ1 + ξ2
√
Y )
 ,
R(0,1) :

X
Y
Z
ξ1
ξ2
→

X(1 + Y −1 − ξ1ξ2
√
Y −1)−2
Z(1 + Y − ξ1ξ2
√
Y )−2
Y −1
(1 + Y )−1/2(ξ1
√
Y − ξ2)
(1 + Y )−1/2(−ξ1 − ξ2
√
Y )
 ,
R(0,0) :

X
Y
Z
ξ1
ξ2
→

X(1 + Y −1 + ξ1ξ2
√
Y −1)−2
Z(1 + Y + ξ1ξ2
√
Y )−2
Y −1
(1 + Y )−1/2(ξ1
√
Y + ξ2)
(1 + Y )−1/2(ξ1 − ξ2
√
Y )
 .
(4.20)
Note that in each of these cases the product ξ1ξ2 is preserved under the transformation up
to a sign.
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In these expressions the choice of ρ1, ρ2, ρ12 is correlated with the choice of the spin
structure:
ρ12 : (0, 0)→ (1, 1) ,
ρ1 : (0, 1)→ (1, 1) ,
ρ2 : (1, 0)→ (1, 1) .
(4.21)
For example suppose that we wish to obtain L(0,0), which maps the (0, 0) spin structure
to the (1, 0) spin structure as through the relation L(0,0) = ρ−12 L(1,1)ρ12. We can explain
this relation as follows: One first maps the (0, 0) spin structure by ρ12 to obtain the (1, 1)
spin structure, so that one can apply L(1,1). Recall that L(1,1) maps the (1, 1) spin structure
back to itself. Then we need to transform the resulting (1, 1) spin structure to the (1, 0)
spin structure by ρ2. We can use the similar strategy for the rest of the relations. The
relations are summarized on the left side of Fig. 10.
The rule (4.21) can be regarded as a representation of Z2 ⊕ Z2 ' H1(Σ,Z2), and this
ensures the consistency with the mapping class group relation. This can also be checked
explicitly, by using the relations
S(1,0) = (L
−1)(0,1)R(0,0)(L−1)(1,0) = (L(0,1))−1R(0,0)(L(0,0))−1 ,
S(0,1) = (L
−1)(0,0)R(0,1)(L−1)(0,1) = (L(1,0))−1R(0,1)(L(0,1))−1 ,
S(0,0) = (L
−1)(1,0)R(1,0)(L−1)(0,0) = (L(0,0))−1R(1,0)(L(1,0))−1 .
(4.22)
This gives (recall T = L, which already appeared in (4.18))
S(1,0) = ρ1S(1,1)ρ2 , S(0,1) = ρ2S(1,1)ρ1 , S(0,0) = S(1,1) ,
T(1,0) = T(1,1)ρ1 , T(0,1) = ρ1T(1,1)ρ1 , T(0,0) = ρ2T(1,1)ρ12 .
(4.23)
For example, if we want to evaluate S4 starting with the type (1, 0) spin structure, one
needs to evaluate (S4)(1,0) = S(0,1)S(1,0)S(0,1)S(1,0), which coincides with (S4)(1,1). We can
similarly compute (ST )6 for all the even structures, and find that they all coincide with
that of the odd spin structure. This verifies the expected relations in the metaplectic group
Mp(2,Z). The right side of Fig. 10 summarizes how S and T map one spin structure to
another.
5 Quantum Super Teichmüller Theory
In this section, we describe the quantization of the super Teichmüller theory (as discussed in
[25]). We again discuss the case of the once-punctured torus. First, in Sec. 5.1 we define the
Hilbert space of the theory on the torus and how the quantized super Fock coordinates are
represented on it. We then discuss how the mapping class group generators are represented
by suitable operators acting on the Hilbert space in Sec. 5.2.
5.1 Quantization of the Super Fock Space
The Hilbert space associated to a dotted ideal triangulation of a super Riemann surface is
defined as follows. To each dotted triangle ∆v we associate a Hilbert space H(∆v) ≡ Hv '
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L2(R)⊗C1|1. Therefore, the Hilbert space Hσ(Σ1,1) ≡ Hσ associated to the torus with one
of the four spin structures σ = (0, 0), (0, 1), (1, 0), (1, 1) is the tensor product of the spaces
for each triangle. For once-punctured torus in particular, we have
Hσ = H1 ⊗H2 . (5.1)
The super Fock coordinates x, y, z get quantized to self-adjoint operators on the Hilbert
spaces Hv. The even coordinates x, y, z are replaced by operators satisfying canonical com-
mutation relations
[x, y] = [y, z] = [z, x] = −8piib2 . (5.2)
The algebra of those even coordinates admits a central element
h := x + y + z . (5.3)
One can hence consider a decomposition of H into spaces on which h is diagonal
Hσ =
⊕
h∈R
Ph , (5.4)
where Ph ' L2(R) ⊗ (C1|1)⊗2. On Ph two of the observables x, y, z (we will choose x and
y) are represented on L2(R) as multiplication and differentiation operators. In the classical
limit b→ 0, the operators x, y, z give their classical counterparts x, y, z as one would expect.
The odd coordinates ξi become operators acting on Hσ of the form
pih(ξ1) = i
√
q
1
2 − q− 12 (κ⊗ 1) , pih(ξ2) = i
√
q
1
2 − q− 12 (1⊗ κ) , (5.5)
where κ is a (1|1)× (1|1) matrix acting on C1|1
κ =
(
0 1
1 0
)
, (5.6)
and q := eipib2 . One finds that ξi satisfy anti-commutation relations
{ξi, ξi} = −2
(
q
1
2 − q− 12
)
, {ξ1, ξ2} = 0 , (5.7)
and commute with all even operators
[x, ξi] = [y, ξi] = [z, ξi] = 0 . (5.8)
Summarizing, the quantized super Fock variables are represented on the space
Ph = span
{
|x〉 ⊗
(
a
b
)
⊗
(
c
d
)}
x∈R,a,b,c,d∈C
, (5.9)
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as follows:
pih(x) = x⊗ I2 ⊗ I2 ,
pih(y) = 8piib
2 d
dx
⊗ I2 ⊗ I2 ,
pih(z) =
(
h− x− 8piib2 d
dx
)
⊗ I2 ⊗ I2 ,
pih(ξ1) = i
√
q
1
2 − q− 12 ⊗ κ⊗ I2 ,
pih(ξ2) = i
√
q
1
2 − q− 12 ⊗ I2 ⊗ κ ,
(5.10)
where I2 is the (1|1)-dimensional identity matrix.
5.2 Mapping Class Group Generators
Now, we will realize the Dehn twists L,R described in Sec. 4.1 as linear operators L,R
acting on the Hilbert space. A coordinate transformation maps one spin structure σ to
another σ′, and we promote it to an operator Uσ′σ : Hσ → Hσ′ between the corresponding
Hilbert spaces. Since we already know the classical coordinate transformation, we know
a transformation rule of the form w′ = W σ′σ({wı}), where wı and w are coordinates
corresponding for the Hilbert spaces Hσ and Hσ′ . The unitary operator Uσ′σ representing
these changes of coordinates on the quantum level satisfy
U−1σ′σ · w′ · Uσ′σ = Wσ′σ({wı}) , (5.11)
and should be consistent with the classical transformation rule in the classical limit. This
requirement is expected to characterize the operators Uσ′σ uniquely up to a multiplicative
coefficient.
We will start by considering the quantization of the coordinate transformations (4.10)
and (4.11) given by the quantized Dehn twists associated to the (1, 1) spin structure L(1,1) :
H(1,1) → H(1,1):
L−1(1,1) e
x L(1,1) = (1 + q
2e−x + qe−x/2ξ1ξ2)−1(1 + q6e−x + q3e−x/2ξ1ξ2)−1ez ,
L−1(1,1) e
y L(1,1) = (1 + q
2ex + qex/2ξ1ξ2)(1 + q
6ex + q3ex/2ξ1ξ2)e
y ,
L−1(1,1) e
z L(1,1) = e
−x ,
L−1(1,1) ξ1e
y/4 L(1,1) = (ξ1 − q1/2ex/2ξ2)ey/4 ,
L−1(1,1) ξ2e
y/4 L(1,1) = (ξ2 + q
1/2ex/2ξ1)e
y/4 ,
(5.12)
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and R(1,1) : H(1,1) → H(1,1):
R−1(1,1) e
x R(1,1) = e
x(1 + q−6e−y + q−3ξ1ξ2e−y/2)−1(1 + q−2e−y + q−1ξ1ξ2e−y/2)−1 ,
R−1(1,1) e
y R(1,1) = e
z(1 + q−6ey + q−3ξ1ξ2ey/2)(1 + q−2ey + q−1ξ1ξ2ey/2) ,
R−1(1,1) e
z R(1,1) = e
−y ,
R−1(1,1) ξ1e
y/4 R(1,1) = (ξ2 + q
1/2ξ1e
y/2)ez/4 ,
R−1(1,1) ξ2e
y/4 R(1,1) = (−ξ1 + q1/2ξ2ey/2)ez/4 .
(5.13)
The operators L(1,1),R(1,1) implementing the above transformations can be constructed as
follows
L(1,1) = e
1
16piib2
(x+z)2e−1
( x
2pib
)
,
R(1,1) = e
− 1
16piib2
(y+z)2e
(
− y
2pib
)
.
(5.14)
Here e is a function-valued matrix
e(u) :=
1
2
[eR(u)(I2 ⊗ I2 − iκ⊗ κ) + eNS(u)(I2 ⊗ I2 + iκ⊗ κ)] ,
e−1(u) =
1
2
[
eR(u)
−1(I2 ⊗ I2 − iκ⊗ κ) + eNS(u)−1(I2 ⊗ I2 + iκ⊗ κ)
]
,
(5.15)
where the special functions eR, eNS are the supersymmetric analogs of the Faddeev’s quan-
tum dilogarithm (cf. [49, 50])
eR(x) := eb
(
x+ i(b− b−1)/2
2
)
eb
(
x− i(b− b−1)/2
2
)
,
eNS(x) := eb
(
x+ i(b + b−1)/2
2
)
eb
(
x− i(b + b−1)/2
2
)
,
(5.16)
and the quantum dilogarithm function eb(x) [51–53] is defined by the following integral
representation
eb(x) := exp
[∫
R+i0
dw
w
e−2ixw
4 sinh(wb) sinh(w/b)
]
. (5.17)
In particular, the coordinate transformations (5.12) are satisfied thanks to the shift property
of the function e
e
(
x− ib
2
)
(κ⊗ I2) = (κ⊗ I2 − epibxI2 ⊗ κ) e
(
x+
ib
2
)
,
e
(
x− ib
2
)
(I2 ⊗ κ) = (I2 ⊗ κ+ epibxκ⊗ I2) e
(
x+
ib
2
)
.
(5.18)
These equations follow from the shift properties
eR
(
x− ib
±1
2
)
= (1 + iepib
±1x) eNS
(
x+
ib±1
2
)
,
eNS
(
x− ib
±1
2
)
= (1− iepib±1x) eR
(
x+
ib±1
2
)
,
(5.19)
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which is implied by a similar relation for the non-supersymmetric quantum dilogarithm:
eb
(
x− ib
±1
2
)
= (1 + e2pib
±1x) eNS
(
x+
ib±1
2
)
. (5.20)
5.3 Change of Kasteleyn Orientations
We now describe operators changing the Kasteleyn orientations, as well as those changing
spin structures.
For a given spin structure, any two Kasteleyn orientations are related by push outs.
Recall that the push out β12 of Fig. 5 flips the sign of the one of the odd variables ξ2,
while preserving the remaining odd variable ξ1 as well as all the even variables x, y, z. The
quantum version of this operator can be identified to be
B12 = I2 ⊗M , M :=
(
1 0
0 −1
)
. (5.21)
We can easily verify the expected property
B−112 XB12 = X , B
−1
12 Y B12 = Y , B
−1
12 ZB12 = Z ,
B−112 ξ1B12 = ξ1 , B
−1
12 ξ2B12 = −ξ2 .
(5.22)
We can also discuss changes of spin structures. In order to describe the operators L,R
for even spin structures, we introduce “spin structure changing operators” (whose classical
analogs were introduced in (4.21)):
ρ12 : H(0,0) → H(1,1) , ρ1 : H(0,1) → H(1,1) , ρ2 : H(1,0) → H(1,1) , (5.23)
given by
ρ12 = M ⊗M , ρ1 = M ⊗ I2 , ρ2 = I2 ⊗M , (5.24)
where M was defined previously in (5.21). Then, the remaining quantized Dehn twists are
related to the one described above as follows
L(1,0) = ρ
−1
12 L(1,1)ρ2 , L(0,1) = ρ
−1
1 L(1,1)ρ1 , L(0,0) = ρ
−1
2 L(1,1)ρ12 ,
R(1,0) = ρ
−1
2 R(1,1)ρ2 , R(0,1) = ρ
−1
12 R(1,1)ρ1 , R(0,0) = ρ
−1
1 R(1,1)ρ12 .
(5.25)
6 Partition Functions for Super Teichmüller Spin TQFT
6.1 Definition of the Partition Function
As already explained in Section 2, our basic idea is that the trace Tr(ϕ) of the mapping
class group action ϕ inside the Hilbert space should basically be the partition function of
the super Teichmüller spin TQFT.
The spin structure we have used so far is a spin structure of the 2-manifold. For the
super Teichmüller spin TQFT, however, it should be that we need a spin structure of the
3-manifold (mapping torus).
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To discuss this, let us note that the fundamental group of the mapping torus (2.3) is
given by
pi1 (M) = pi1(Σ)oϕ∗ Z , (6.1)
where ϕ∗ : pi1(Σ)→ pi1(Σ) is the map induced from ϕ ∈ Aut(Σ). In other words, pi1 (M) is
given by pi1(Σ), with an extra generator γ added and with extra relations
pi1(M) =
{
γ−1αγ = ϕ∗(α) , α ∈ pi1(Σ)
}
. (6.2)
Note that the space of spin structures is an affine space over H1(M,Z2), which is a Z2-
reduction of H1(M,Z), which in turn is the Abelianization of pi1(M,Z).
This makes it clear that, in order to discuss spin structures on mapping tori we need
to (1) choose the spin structure of Σ which is kept fixed under ϕ and (2) take into account
an extra Z2-choice of the spin structure, corresponding to the extra cycle γ (i.e. the extra
circle S1, the base of the mapping torus).
Let us first discuss point (2). We claim that we can distinguish the two spin structures
along the S1-direction by introducing projection operators P±:
P± :=
1
2
[I2 ⊗ I2 ∓ iκ⊗ κ] . (6.3)
They satisfy the canonical relations for projection operators
P 2± = I2 , P+P− = P−P+ = 0 , P+ + P− = I2 ⊗ I2 . (6.4)
We then consider two partition functions by the trace with the projection operators inserted:
TrNS(ϕ) := Tr(P−ϕ) ,
TrR(ϕ) := Tr(P+ϕ) .
(6.5)
We claim that the two choices represents the two choices of the spin structures. Indeed,
since we have the relation
P+ [a(I2 ⊗ I2 − iκ⊗ κ) + b(I2 ⊗ I2 + iκ⊗ κ)] = aP+ ,
P− [a(I2 ⊗ I2 − iκ⊗ κ) + b(I2 ⊗ I2 + iκ⊗ κ)] = bP− .
(6.6)
we find that when computing TrNS(ϕ) and TrR(ϕ) we can replace e(u) and e−1(u) in (5.15)
by
e(u) eNS(u)P− , e−1(u) eNS(u)−1P− (for TrNS(ϕ) ) ,
e(u) eR(u)P+ , e−1(u) eR(u)−1P+ (for TrR(ϕ) ) ,
(6.7)
This observation simplifies our computation below considerably.
Let us now come back to point (1) concerning the condition that the spin structure is
fixed by ϕ. While in general there can be more than one of such spin structures satisfying
this condition, operators ϕ fixing spin structures are related by conjugation by spin structure
changing operators (5.24). Since these operators are even, and since these operators either
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commute with P± or exchange P+ and P−, their associated partition functions (which are
defined by the trace) coincide due to the conjugation invariance of the trace. This means
that we always have two partition functions depending on the choice of R/NS in the trace.11
For this reason it is sufficient below to describe the partition function starting with the odd
spin structure (of type (1, 1)), which is always kept fixed irrespective of the choice of the
mapping class group.
For our discussion of the quantum super Teichmüller theory, we need to choose both
an ideal triangulation and a Kasteleyn orientation on it. Recall that different ideal trian-
gulations are related by superflips, and that different Kasteleyn orientations (for a given
spin structure) are related by push outs. Since superflips and push outs are represented
by unitary operators (which we call U), such ambiguities have the effect of replacing the
operator ϕ by U−1ϕU. The operators U were even elements, and also commute with the
projection operators P±. This means that the two traces, Tr(P±ϕ) and Tr(P±U−1ϕU) co-
incide, thanks to the conjugate-invariance of the trace.12 The partition function as defined
by the trace is thus free from the ambiguities mentioned above, and depends only on the
choice of the spin structure of the 3-manifold, as expected.
In the following we consider a few concrete examples of the mapping class group ele-
ment ϕ and the associated partition functions. For |Tr(ϕ)| > 2, the mapping class group
ϕ is known as pseudo-Anosov and the resulting mapping class torus admits a complete
hyperbolic structure [54].
6.2 Example: ϕ = LR
Let us consider an example of ϕ = LR =
(
2 1
1 1
)
. In this case, the mapping torus M is
identified with complement of the figure-eight knot (often denoted by 41) inside S3: S3\41.
We wish to compute the spin structure dependent partition function of this 3-manifold.
Since we have two spin structures on this manifold (corresponding to the Z2 spins around
the tubular neighborhood of the knot), we expect to have two partition functions, and these
two will be identified with our partition functions TrR/NS(LR).
On the 2-manifold Σ the odd spin structure is kept invariant under ϕ, while the three
even spin structures are permuted among them. We thus need to choose the odd spin
structure for mapping torus construction.
11One can also try to compute the partition function when the spin structure is not fixed by ϕ. Since
this is inconsistent geometrically, we expect that something should go wrong for these cases. It turns out
that the partition functions are zero in these cases. We can see this in a simple example of ϕ = L. This
preserves only two (types (1, 1) and (0, 1)) out of the four spin structures. The corresponding expressions
for L(1,1) and L(0,1) are non-trivial, and the two expressions are the same, since according to (5.25) L(1,1)
and L(0,1) are related by conjugation by ρ1. By contrast Tr(L(1,0)) and Tr(L(0,0)) vanishes simply because
Tr(ρ1P±),Tr(ρ2P±),Tr(ρ12P±) all vanish. A similar discussion shows that this vanishing property holds
more generally for an arbitrary element of the mapping class group not preserving the spin structure.
12One can instead choose a supertrace which is automatically conjugation invariant. The resulting ex-
pressions Str(P±ϕ) vanishes, however.
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We can define the trace for the mapping class element ϕ = LR as a trace of the operator
RL
TrR/NS(LR) = TrL2(R)⊗C2|2(P±RL)
=
∫
dxdy e−
1
8~ [(h−x)2−(h−y)2]eR/NS
(
− y
2pib
)
e−1R/NS
( x
2pib
)
, (6.8)
where we denoted
~ := 2piib2 . (6.9)
It is worthwhile to compare this result to the calculation for the bosonic case [17]:
Trnon-SUSY(LR) =
∫
dxdy e−
1
4~ [(h−x)2−(h−y)2]eb
(
− y
2pib
)
e−1b
( x
2pib
)
.
The comparison of the two expressions makes clear that the only differences between the
non-supersymmetric and supersymmetric cases are (the two are related, as will become
clear below): 
1. eb is replaced by eR and eNS depending on the choice of the spin structure,
2. ~ = 2piib2 is replaced by ~/2. 
In this section we often highlight these differences in red color.
We can now discuss the asymptotic expansion of the expression around b = 0 (~ =
0). For this purpose we need the asymptotic expansion of the supersymmetric quantum
dilogarithm around b = 0:13
eR(x) = exp
[ ∞∑
n=0
Bn(
1
4)
n!
~n−1(Li2−n(−iepibx) + (−1)nLi2−n(iepibx))
]
,
eNS(x) = exp
[ ∞∑
n=0
(−1)nBn(
1
4)
n!
~n−1(Li2−n(−iepibx) + (−1)nLi2−n(iepibx))
]
,
(6.11)
where Bn(x) is the n-th Bernoulli polynomial and Lin(x) is the polylogarithm function.
In the following we concentrate on the leading and subleading terms, which read (using
B0(x) = 1, B1(x) = x− 1/2,Li2(x) + Li2(−x) = Li2(x2)/2 and Li1(x) = − ln(1− x))
eR/NS(x) = exp
[
1
2~
Li2(−e2pibx)± 1
4
lnL(x) +O(~)
]
, (6.12)
13This can be derived from the Euler-Maclaurin expansion of the quantum dilogarithm function:
eb
(
z +m
ib
4
+ n
ib−1
4
)
= exp
[ ∞∑
k=0
Bk(
1
2
+ m
4
)
k!
(2ipib2)k−1Li2−k(−ine2pibz)
]
. (6.10)
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where plus/minus sign corresponds to R/NS respectively, and we defined
L(x) := 1 + ie
pibx
1− iepibx . (6.13)
It is again useful to compare this with the expansion of the quantum dilogarithm function
itself:
eb (z) = exp
[
1
~
Li2(−e2pibz) +O(~)
]
. (6.14)
In the leading order, we have again a factor 2 difference in ~, which is consistent with
the observation before. What is important is that in the subleading order there is a new
contribution (L(x)) in the supersymmetric case, which does not have a counterpart in the
non-supersymmetric case.
With the help of these formulas, the partition function can be expanded in the limit
~, b→ 0 as
TrR/NS(LR) =
∫
dxdy e
1
2~V0(x,y,h)± 14 lnV1(x,y)(1 +O(~)) , (6.15)
where
V0(x, y, h) := −1
4
(h− x)2 − Li2(−ex) + 1
4
(h− y)2 + Li2(−e−y) ,
V1(x, y) :=
L(−y)
L(x) .
(6.16)
This integral can be evaluated in the saddle point approximation, namely by extrem-
izing the function V0(x, y, h).
For the special case of h = 0, the saddle points are given by ex = ey = (−1 + i√3)/2,
and the corresponding critical value S0 = Li2(−e2pii/3) − Li2(−e−2pii/3) of V0 gives the
complexified volume of the figure eight knot complement.
We can also keep the general values of h. In this case, the saddle point equations
describe the gluing conditions for two ideal tetrahedra triangulating the figure eight knot
complement. The parameter h, identified with the longitude parameter l of the boundary
torus by a simple relation l := h + ipi [17], describes the one-parameter family of the
deformation of the hyperbolic structure [55]. For comparison with literature, it is useful to
fix the meridian parameter m, which we can achieved by a Fourier transformation (cf. [21,
Appendix C])
T˜rR/NS(m) :=
∫
dh TrR/NS(h) e−mh/(2~) . (6.17)
In this expression, the longitude parameter l plays the role of the Lagrange multiplier,
giving rise to the constraint14
m =
∂V0(x, y, h)
∂h
= (x− y)/2 . (6.18)
14This coincides with the expression for the meridian coming from ideal triangulations of the boundary
torus of the knot complement [17].
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We can then eliminate the variable y in terms of x and m, and evaluate the asymptotic
expansion with respect to the remaining integration variable x.
The leading piece V0 now reads
V0(x,m) = −Li2(−ex) + Li2(−e−(x−2m))− 1
4
(x2 − (x− 2m)2) . (6.19)
Extremizing this function, we can solve for x as (with X := ex,M := em):
X =
M2(M2 − 1)
1−M − (1 + L)M2 , (6.20)
and by eliminating x one obtains the relation between the longitude l and the meridian m
(with L := el):
L+
1
L
+ 2− 1
M2
+
1
M
+M −M2 = 0 . (6.21)
The latter equation is nothing but (the non-reducible part of15) the A-polynomial [56] of
the figure eight knot complement.
To this point the analysis is completely parallel to the non-supersymmetric case [17].
However, there is a difference in the next-order correction, which can be computed by
evaluating the Gaussian fluctuations around the saddle point. For the non-supersymmetric
case, the result of the computation is
T˜rnon-SUSY(LR) = e
1
~S0+log ~+
1
2
lnS1(1 +O(~)) , (6.22)
with the one-loop part S1 gives the Reidemeister torsion [57]
S1 =
M2
(M2 − 3M + 1)(M2 +M + 1) . (6.23)
In the supersymmetric case, there is a new contribution
T˜rR/NS(LR) = exp
[
1
2~
S0 + log(2~) +
1
2
lnS1 ± 1
4
ln S˜1
]
(1 +O(~)) , (6.24)
where the spin structure dependent piece is given by
S˜1 = S1
∣∣
saddlepoint
=
(
√
X? + iM)(1− i√X?)
(
√
X? − iM)(1 + i√X?) , (6.25)
with the saddle point expression
X? =
1
2
(
−1 +M −M2 −
√
1− 2M −M2 − 2M3 +M4
)
. (6.26)
We have seen that the Reidemeister torsion is modified in supersymmetric cases as
S1 → S1(S˜±1/21 ) , (6.27)
15The A-polynomial in general contains a factor L− 1 for the reducible flat connection. The expression
here is for the irreducible flat connection.
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depending on the choice of the spin structure. The combination on the right hand side
should be regarded as a supersymmetric version of the Reidemeister/Ray-Singer torsion
(depending on a spin structure of the 3-manifold), and it would be interesting to further
study this torsion.16
It is straightforward to explicitly calculate the higher orders terms in the expansion
with the Feynman diagram techniques, see e.g. [9, 11, 21].
6.3 General ϕ
Comparison between the integral expressions for the partition function for ϕ = LR for
supersymmetric (6.8) and non-supersymmetric (6.10) case makes the structure rather man-
ifest. Namely, we need to (1) divide the quadratic Gaussian factor by a factor of 2 and
(2) replace the quantum dilogarithm eb by their supersymmetric counterparts eR or eNS,
depending on the choice of the spin structure. We can therefore straightforwardly adopt the
results of [17] to a general element ϕ of the mapping class group, and discuss invariants of
spin 3-manifolds, where the 3-manifolds in question are complements of the so-called fibered
knots. Note that a general element of SL(2,Z) can be written as ϕ = Ln1Rn2Ln3Rn4 . . .
where n1, n2, . . . are integers. As we discuss in Appendix B, the number of spin structures
of the once-punctured torus kept fixed under a general element of the SL(2,Z) is either
one, two or four. This means that in general there are two, four or eight spin structures on
3-manifolds. As commented already, however, we have only two different partition functions
given by the choices of TrR/NS(ϕ).
Let us further illustrate this point with the example of ϕ = L2R. The resulting 3-
manifold is listed as m009 in the SnapPea census [60]. In this example, two spin structures
of the 2-manifold are fixed, type (1, 1) and type (1, 0). We have four spin structures,
nevertheless we only have two partition functions again, given by TrR/NS(LLR).
In the non-supersymmetric case, the trace is computed as [17]
Trnon-susy(LLR) =
∫
dy1dx2dx3 e
1
~Vquad(y1,x2,x3,h)eb
(
− y1
2pib
)
eb
( x2
2pib
)−1
eb
( x3
2pib
)−1
,
(6.28)
with the quadratic piece Vquad given by
Vquad(y1, x2, x3, h) = +
1
4
x23 +
1
4
y21 −
1
4
(x3 − x2)2 + 1
2
(x3y1 − y1x2) + 1
2
h(x2 − y1) .
(6.29)
The supersymmetric counterparts are computed to be
TrR/NS(LLR) =
∫
dy1dx2dx3 e
1
2~VquadeR/NS
(
− y1
2pib
)
eR/NS
( x2
2pib
)−1
eR/NS
( x3
2pib
)−1
.
(6.30)
16In physics language the Reidemeister torsion is the one-loop piece of the 3d Chern-Simons theory
[58] (see Sec. 8 for connections with the OSp(1|2) Chern-Simons theory). The torsion for a supergroup
Chern-Simons theory was discussed e.g. in [59].
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The classical limit ~→ 0 is given by
TrR/NS(LLR) =
∫
dy1dx2dx3 e
1
2~V0(y1,x2,x3,h)± 14V1(y1,x2,x3) (1 +O(~)) , (6.31)
where V0 is the same expression as in the non-supersymmetric case, found in [17]:
V0(y1, x2, x3, h) = Li2(−e−y1)− Li2(−ex2)− Li2(−ex3)
+
1
4
x23 +
1
4
y21 −
1
4
(x3 − x2)2 + 1
2
(x3y1 − y1x2) + 1
2
h(x2 − y1) , (6.32)
and V1 is the new contribution for the supersymmetric case:
V1(y1, x2, x3) = ln
L(−y1)
L(x2)L(x3) . (6.33)
The saddle point equations are the same as in the non-supersymmetric case. For the
value h = 0 (corresponding to the complete hyperbolic structure of the 3-manifold), and
we get
ey1 = ex2 = (−1 + i
√
7)/4 , ex3 = (−3 + i
√
7)/8 ,
and the extremal value S0 of the potential V0 reproduces the complexified volume of the
3-manifold.
We can also keep h generic. After redefinition into longitude and meridian variables
y1 = x2 − 2m , h = l− ipi ,
and the change of variables L = el,M = em, X = ex we can solve the saddle point equation
as
X?2 =
1
4
(−1 +M −M2 −
√
1− 2M − 5M2 − 2M3 +M4) ,
X?3 =
(−1−M −M2 −√1− 2M − 5M2 − 2M3 +M4)
2(1 + 2M +M2)
,
(6.34)
and by elimination we reproduce the non-reducible part of the A-polynomial
A(L,M) = L−1 + LM + 2− 1/M + 2M −M2 = 0 . (6.35)
We can also compute the subleading correction contributing to the Reidemeister torsion:
T˜rR/NS(LLR) = exp
[
1
2~
S0 + log(2~) +
1
2
lnS1 ± 1
4
ln S˜1
]
(1 +O(~)) , (6.36)
Here S1 is the one-loop determinant for the non-supersymmetric case, which reads
S1 =
M2
1 +M(1 +M)(−2 + (−3 +M)M) . (6.37)
and this coincides with the known expression for the Reidemeister torsion [57]. For super-
symmetric case, we have a new contribution
S˜1(M) =
(
√
X?2 + iM)
(
√
X?2 − iM)
(1− i√X?2 )
(1 + i
√
X?2 )
(1− i√X?3 )
(1 + i
√
X?3 )
, (6.38)
where X?2 , X?3 are the critical points presented in (6.34).
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7 Relation with Chern-Simons Theories
7.1 OSp(1|2) Chern-Simons Theory
Since the super Teichmüller space is a subspace of the moduli space of flat OSp(1|2) con-
nections, it is natural to imagine that the spin TQFT associated with the 3-manifold should
also be related to another quantization of the moduli space of the flat OSp(1|2) connections,
namely the 3-dimensional Chern-Simons theory with gauge group OSp(1|2).
One should quickly add that it is far from clear if this reasoning indeed works. The
super Teichmüller space is only a subspace of full space of flat OSp(1|2) connections, however
in the formulation of TQFT one needs to sum over all the possible states when factorizing
the geometry, and hence it is not clear how one can restrict to a subspace consistently.
A similar problem was discussed for the non-supersymmetric theory Teichmüller theory
[61]. In this paper, it was explained that the Teichmüller TQFT arises from the complex
Chern-Simons theory on a particular integration contour specified by the singular Nahm
pole boundary condition. While we do not work out all the details, we expect that a similar
reasoning will guarantee that our super Teichmüller spin TQFT can be identified with the
complex OSp(1|2) Chern-Simons spin TQFT on a certain integration contour. Note that
the supergroup OSp(1|2) Chern-Simons theory can be thought of as a theory of gauge fields
with fermions, and hence depends on the choice of the spin structure of the 3-manifold and
is a spin TQFT.
7.2 Duality to SU(2) Chern-Simons Theory
We can now appeal to the duality discussed in [62] (see also [63, 64]). By analyzing SL(2,Z)-
duality of a topologically-twisted four-dimensional supersymmetric Yang-Mills theory [65],
one obtains the duality between analytic continuations of 3-dimensional Chern-Simons the-
ories with different gauge groups: OSp(2m + 1|2n) and OSp(2n + 1|2m). Their duality
works when one identifies the coupling constants of the two theories up to a sign flip:
qOSp(2m+1|2n) = −qOSp(2n+1|2m) . (7.1)
For our purpose, we can consider the special case of m = 0, n = 1, which gives a
duality between OSp(1|2) theory and SO(3) theory. The statement is then that the analytic
continuation of the OSp(1|2) theory coincides with that of the SO(3) theory.
At the level of Lie algebras so(3) coincides with su(2), whose complexification gives
sl(2,C). Since the real slice of sl(2,C) is sl(2,R), and since this is relevant for Teichmüller
theory, one expects that the resulting theory is essentially the (non-supersymmetric) quan-
tum Teichmüller TQFT. This naively seems to be in tension with the fact that the other
side of the duality, the OSp(1|2) theory, is a spin TQFT, not a TQFT.
The apparent tension is resolved by the subtle difference between SO(3) and SU(2)
gauge groups.17 Recall that the gauge-invariance of the Chern-Simons action (for a gauge
17The differences between SO(3) and SU(2) gauge group for Chern-Simons theory plays crucial roles in the
formulation of the closed 3-manifold version of the volume conjecture [66, 67], which involves specifications
of integration contours in Chern-Simons theory [68].
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group G)
SCS =
k
4pi
∫
M
TrG
(
A ∧ dA+ 2
3
A ∧A ∧A
)
, (7.2)
is guaranteed by the quantization of the integral of the characteristic class
N :=
1
8pi2
∫
M4
TrG (F ∧ F ) , (7.3)
where M4 is a closed four-manifold: the level k is an integer if N ∈ Z. Now, when the
quantization condition is N ∈ Z for G = SU(2), the corresponding quantization condition
is N ∈ Z/4 for G = SO(3). This means that the SO(3) Chern-Simons theory with the
smallest level (kSO(3) = 1) corresponds to the level kSU(2) = 4 SU(2) Chern-Simons theory.
The situation is different if we further assume that both M and M4 are spin manifolds.
In this case, the quantization condition for G = SO(3) is now N ∈ Z/2, so that the minimal
choice of the level for the SO(3) theory corresponds to level kSU(2) = 2 in the SU(2) Chern-
Simons theory. Of course, this means that the SO(3) theory is now a spin TQFT, which is
what we expect when we discuss the duality with OSp(1|2) Chern-Simons theory.
Summarizing, we find that OSp(1|2) spin TQFT should be identified with the Teich-
müller TQFT at level 2, under the identification qOSp(1|2) = −qTeichmüller.
The connection with the level-2 SU(2) Chern-Simons theory can be worked out more
explicitly from concrete expressions. In the level-2 Chern-Simons theory studied in [13], the
basic building blocks are the “level 2 version” of the quantum dilogarithm function, which
are given by18
Zk=2b (x, 0) := eb
(−x+ i(b + b−1)/2
2
)
eb
(−x− i(b + b−1)/2
2
)
= eNS(−x) ,
Zk=2b (x, 1) := eb
(−x+ i(b− b−1)/2
2
)
eb
(−x− i(b− b−1)/2
2
)
= eR(−x) .
(7.5)
These are (up to a sign) nothing but the definitions of the “NS” and “Ramond” quantum
dilogarithms introduced earlier in (5.16).
One can also find the shift qOSp(1|2) = −qTeichmüller. Recall that in our notation we had
qOSp(1|2) = eipib
2 . This should be compared with the definition of the q-parameter in [13]:
qTeichmüller = exp
(
2pii
2
(b2 + 1)
)
, (7.6)
18In the notation closer to [13], one has
Zk=2b (x, 0) =
∏
γ,δ=0,1,γ−δ≡0(mod2)
Zb
(
x+ ibγ + ib−1δ
2
)
= Zb
(x
2
)
Zb
(
x+ ib + ib−1
2
)
,
Zk=2b (x, 1) =
∏
γ,δ=0,1,γ−δ≡1(mod2)
Zb
(
x+ ibγ + ib−1δ
2
)
= Zb
(
x+ ib
2
)
Zb
(
x+ ib−1
2
)
.
(7.4)
This is converted to by (7.5) by the relation Zb(x) = eb(−(x+ i(b + b−1)/2)).
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which indeed satisfies the sign shift qOSp(1|2) = −qTeichmüller. Note that the combination
(7.6) can be derived from supersymmetric localization of 5d N = 2 theory [69].
Note that the discussion of the level 2 Chern-Simons theory in [13] does not mention the
spin structure, and the theory there is meant to be a TQFT, not a spin TQFT. This is not
necessarily a contradiction since given a spin TQFT one can define a topological partition
function by summing the spin TQFT partition function over possible spin structures. We
have already seen a version of this when we discussed the trace in the super Teichmüller
theory, which we now know to be a sum of two integral expressions for two different spin
structures:
Tr(ϕ) = TrNS(ϕ) + TrR(ϕ) , (7.7)
where the right hand side is a sum over the Z2 choices along the base (S1) direction of the
mapping torus (the spin structure is still chosen and fixed along the fiber (Σ) direction).
By turning the argument around, one could expect that the partition functions of
analytically-continued OSp(1|2) Chern-Simons theory on general 3-manifolds can be ob-
tained from those of the level 2 analytically-continued SU(2) Chern-Simons theory by ap-
plying suitable projection operators.
8 Chain of Connections: Super 3d–3d Correspondence
In this section let us comment on connections with various topics. We keep our discussion
short and we will be content here with sketching the main ideas. Each of the topics deserves
a serious study, which we leave for future work.
3d N = 2 Theories on RP3 and Super 3d–3d correspondence We have seen that
the super Teichmüller spin TQFT is eventually related to the level 2 complex Chern-Simons
theory.
One of the motivations for the level-k Chern-Simons theory [13] was to consider the 3d–
3d correspondence [15, 16].19 Here for a 3-manifold M there is a natural 3d N = 2 theory
T [M ], whose supersymmetric partition function on the lens space L(k, 1) ' S3/Zk coincides
with the Chern-Simons partition function on M . In fact, historically the expression for the
“level-k” quantum dilogarithm (7.4) was derived first in the context of supersymmetric
localization of 3d N = 2 theories on the lens space [34, 35], which was then used as the
building block for the level-k discussion of [13].
In this context, one can track the two choices of the quantum dilogarithm function into
the choice of discrete Z2 holonomies along the S1-circle of S3/Z2; periodic and anti-periodic
boundary conditions for fermions.
The comment of the previous paragraph suggests that there should be a refinement of
the level-2 Chern-Simons theory corresponding to a specific choice of the spin structure. In
other words, the expectation is that
(N = 2 theories T [M ] on RP3, with a fixed boundary condition for fermions)
↔ (Complex OSp(1|2) Chern-Simons theory on a spin 3-manifold M) . (8.1)
19See [70–72] for direct derivations from supersymmetric localization of the five-dimensionalN = 2 theory.
– 29 –
There is another path to arrive at the same conclusion, using a chain of connections
invoked for the non-supersymmetric case [15, 69]. Let us comment on this now.
Super Liouville Theory: The first piece of the chain is the connection with quantum
super Teichmüller theory and the quantum super Liouville theory. While these two theories
are apriori different theories quantum-mechanically, we conjecture that the two quantiza-
tions are actually equivalent. The bosonic analog of this statement, that the quantum
Teichmüller theory coincides with quantum Liouville theory, was conjectured in [73] and
was studied in detail in [74–76] (see also pioneering works [77, 78]).
Four-dimensional N = 2 Theory: We can next look at the connection between Liou-
ville theory and four-dimensional N = 2 theory à la Alday, Gaiotto and Tachikawa [79].
While the original proposal referred to the non-supersymmetric Liouville theory, an ex-
tension to super Liouville theory was later discussed in [80–82].20 Namely, the conformal
blocks of N = 1 super Liouville theory were identified with the instanton partition functions
of four-dimensional N = 2 theories on R4/Z2. One expects that this is the “half” of the
supersymmetric partition function on S4/Z2, generalizing the results of [83, 84].
3d N = 2 Theory: In the proposal of [15], the 3d N = 2 theories associated with
mapping tori are identified with duality domain wall theories inside 4d N = 2 theories. In
the context of the supersymmetric localization, the domain wall occupies the equator S3
inside the S4. In our context, S4 is replaced by RP4 = S4/Z2, and hence the equator S3
should be replaced by RP3 = S3/Z2.
By combining all the three arguments above, we have thus arrived at the same conclu-
sion as before: super Teichmüller TQFT should be identified with the 3d N = 2 theories
on RP3.
M5-branes on RP3 ×M : We have seen that super Teichmüller TQFT is related with
a number of different topics in physics and mathematics. The ultimate reason for these
statements is that all these theories arise from the compactification of the 6d N = (2, 0)
theory on RP3:
(6d N = (2, 0) theory on RP3 ×M) (super Teichmüller spin TQFT on M) . (8.2)
By compactifying the 6d theory along the Hopf fiber direction of RP3 = S3/Z2 this should
have a direct derivation from supersymmetric localization of five-dimensional N = 2 theory
along the lines of [70–72].
9 Future Directions
Let us end this paper by listing several open problems.
20While the proposal of [80] involved a decoupled coset, it is argued in [69] that this is taken into account
by complexifying the Liouville theory.
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• One of the most important questions is to formulate the super Teichmüller spin TQFT
for a general spin 3-manifold. For this purpose, one needs combinatorial 3d spin struc-
tures on 3d ideal tetrahedra. While combinatorial spin structures on 3-manifolds have been
discussed in [85–87], in the literature there seems to be no known Kasteleyn-type combina-
torial spin structure for 3-manifolds convenient for our purposes—such a combinatorial spin
structure for the 3-manifold should reduce to the Kasteleyn orientation on the boundary
2-manifold. It should in principle be possible to “uplift” our 2d Kasteleyn orientations to
3d Kasteleyn orientations. For example a flip in the 2d-dimensional surface can be up-
lifted to a 3-dimensional tetrahedron, and the 2d Kasteleyn orientation can be uplifted
into allowed orientations of 3-dimensional tetrahedron. Moreover, the pentagon relation in
the 2-dimensional case can be interpreted as the 3-dimensional 2 − 3 Pachner move, now
equipped with 3d Kasteleyn orientations.
• There is a natural generalization the super Teichmüller theory, where OSp(1|2) flat
connections are replaced by OSp(N |2) flat connections. For the special case of N = 2, this
is the N = 2 super Teichmüller theory, whose classical theory was discussed in [27]. We
expect that the resulting partition function will depend on the choice of the “para-spin”
structure, where the role of H1(M,Z2) is played by H1(M,ZN ) (this is related with the
spinc structure). In the context of Liouville theory (see Sec. 8), N > 1 counterparts of our
theories are the para-Liouville theories [88, 89]. In [90, 91] (see also [80–82]) the connection
between the para-Liouville theory and the instanton counting on R4/ZN was discussed. By
the similar logic as before, this should be related with the 3d N = 2 theory on S3/ZN ,
which in turn can be related with complex Chern-Simons theory with level N .21
• The semiclassical analysis of this paper can be regarded as the unity limit b→ 0, q → 1
of the quantum invariants. It would be interesting to explore expansion around more general
rational points, see [14, 92] for related discussion.
• We can include supersymmetric defects to the super 3d–3d correspondence discussed
in Sec. 8. We can either consider co-dimension 2 defects of co-dimension 4 defects in the
6d theory (see the analysis for the non-supersymmetric cases in e.g. [20, 21, 93, 94]). For
example, an insertion of a co-dimension 4 defect is represented by an insertion of a Wilson
line operator Wˆ inside the trace, so that we have an expression of the form Tr(ϕWˆ ) [20].
• Instead of a mapping torus with a non-trivial twist, we can consider a mapping torus
without a twist, namely the direct product Σ×S1. We can then reduce to the 2-dimensional
theory. The resulting 2-dimensional theory is the BF theory [95], this time associated with
the supersymmetric version [96–98] of the Jackiw-Teitelboim gravity [99, 100]. This theory
has recently been studied in connection with the supersymmetric extension of the SYK
model [32]. This suggests that some of the techniques of this paper could have applications
there.
21One can further consider further generalization to M -th para-Toda theories, which correspond to com-
plex Chern-Simons theories with SU(M) gauge groups at level N .
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A Spin Structure versus Kasteleyn Orientation
In this Appendix we summarize the relation between the Kasteleyn orientation and the
spin structure.
Let us fix a Kasteleyn orientation on the 2-manifold Σ. Suppose we choose a closed
oriented cycle C on Σ: namely C is a set of edges in the hexagonalization of the ideal
triangulation. Let K(C) be the number of the edges where the orientation along the path
C is opposed from the orientation determined by the Kasteleyn orientation. By l(C) we
denote the number of left dimer sticks along the path C, where the dimer stick is defined
as the small continuation of all edges at the vertices of the hexagon. If we reach a dimer
sticks along the a path C on the left hand side of the path we call it a left dimer stick.
Let us explain this notation using Fig. 11. We start a blue path C from point a to
point b. We have four of the edges with orientations against the Kasteleyn orientation and
therefore K(C) = 4. Along the blue path we find the left dimer sticks (shown with red
color) five times and therefore l(C) = 5.
a
b
Figure 11. An example of a path C (from a to b on the once-punctured torus) with K(C) = 4,
l(C) = 5.
Let us define a Z2 sign q(C) associated with the closed path C by
q(C) := 1 +K(C) + l(C) (mod 2) . (A.1)
It turns out that this sign depends only on the spin structure (i.e. the equivalence class of
the Kasteleyn orientations) and on the cohomology class of the path C. The signs can thus
be regarded as a map from a spin structure to an element of H1(Σ,Z2) ([45, Theorem 1],
see also [23, Theorem 3.2.8]).
As an example, we consider the once-punctured torus. We have four equivalence classes
of Kasteleyn orientations as in Fig. 4. Let us here discuss the case (0, 0). To find l(C) we
can draw the α and β-circle in the hexagonalization as in Fig. 12. We show four different
representative paths for the cohomology class, both for the α and the β-cycle. The point a
is the starting point of the path C and the red dimers are those dimers which are on the
left side of the path C. The result for different choice of path C is the same, as long as
they represent the same cohomology class in H1(Σ,Z).
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Figure 12. Four representatives for the α and β-cycles in the cohomology H1(Σ,Z) of the once-
punctured torus. Here we have fixed the Kasteleyn orientation corresponding to case (0, 0) of Fig. 4.
The resulting Z2 ⊕ Z2 signs are independent of the choice of the representative.
In our example of type (0, 0) of Fig. 4, we find
α1 α2 α3 α4 β1 β2 β3 β4
K(C) 1 3 4 3 2 3 3 3
l(C) 0 2 5 4 1 2 4 4
q(C)[mod 2] 0 0 0 0 0 0 0 0︸ ︷︷ ︸
q(α)
︸ ︷︷ ︸
q(β)
(A.2)
and therefore, q(α) ≡ 0, q(β) ≡ 0 (mod 2) irrespective of the choice of the representative
for the cohomology class, as expected. One can repeat this exercise for the other three
Kasteleyn orientations in Fig. 4.
B Spin Mapping Class Group
In this appendix we study the number of spin structures kept fixed under a general element
of the SL(2,Z).
A general element of SL(2,Z) can be written as ϕ = Ln1Rn2Ln3Rn4 . . . where n1, n2, . . .
are integers. Since L2 and R2 preserves the spin structure, for our purposes we can con-
sider the integers n1, n2, . . . modulo 2, so that we have elements of the form LRLR . . .
or RLRL . . . . Moreover, since (LR)3 and (RL)3 preserves the spin structure, the discus-
sion reduces to the following six cases (notice for example LRLRL and R act on the spin
structures in the same way):
I , L , RL , LRL , LR , R . (B.1)
– 34 –
For each case, the action on the spin structure on each of the four spin structures can be
worked out as
I L RL LRL LR R
(1, 1) (1, 1) (1, 1) (1, 1) (1, 1) (1, 1) (1, 1)
(1, 0) (1, 0) (0, 0) (0, 1) (0, 1) (0, 0) (1, 0)
(0, 1) (0, 1) (0, 1) (0, 0) (1, 0) (1, 0) (0, 0)
(0, 0) (0, 0) (1, 0) (1, 0) (0, 0) (0, 1) (0, 1)
, (B.2)
where those spin structures fixed under the mapping class group action are highlighted in
red. This means that in general a mapping class group element preserves either one, two
or four spin structures.
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